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ABSTRACT
Evaluating the Impacts of Gender, Fatness, Muscling, and Weight on Yield Grade 4 
Beef Carcasses. 
(August 2009)
James Thomas Dillon, B.S., Texas A&M University
Chair of Advisory Committee: Dr. Jeffrey W. Savell
This study was conducted to assess cutout and value differences in Yield Grade 4 
beef carcasses by evaluating impacts of gender, fatness, muscling, and weight.  USDA 
Choice, Yield Grade 4 carcasses (n = 60) were selected according to gender: heifers (n = 
20) and steers (n = 40), and weight groups: lightweight heifers (315.5 – 362.9 kg) and 
steers (362.9 – 408.2 kg), and heavy weight heifers (362.9 – 408.2 kg) steers (408.2 –
453.6 kg). Within weight classes, carcasses were separated according to ribeye area per 
45.36 kg of HCW ratio (REAcm2 :100 kg): heifers (>21.76) and (< 21.76); steers 
(>20.07) and (< 20.07) based on analysis from NBQA-2005 (National Beef Quality 
Audit – 2005).  Data in this study showed that within yield grade 4 carcasses, there are 
both conformational and value differences associated with different types of yield grade 
4’s, particularly when sex-class is considered due to the biological differences associated 
with fat and muscle deposition between genders. As expected, carcasses from heifers 
had more trimmable fat than steers, and steers had higher yields of certain cuts from the 
chuck and in bone differences than did heifers.  In this demonstration, applied estimated 
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discounts out-weighted the value differences found in cutout values.  There were no 
clear associations in carcass traits that could be used to more accurately sort value 
differences in Yield Grade 4 carcasses with exception to sex-class.  However, the present 
data suggests a need to establish a prediction equation that predicts carcass value in 
addition to the current Yield Grade equation.  In conclusion, further research is needed 
incorporating all yield grade carcass types.  Standard carcass fabrication styles and fat 
trim levels consistent with industry are needed to further assign current subprimal and 
minor cut prices.  Additional premium and discount prices are needed for a current 
industry representation to obtain if premiums and discounts are being applied according 
to potential profits or losses incurred because of cutability differences found between the 
different yield grades.
vDEDICATION
This thesis is dedicated to the love of my life, Kristin Leni Dillon, who is my 
wife, best friend, and the driving force behind my success.  Additionally, I would like to 
extend this dedication to my father, Robert Crawford Dillon, Jr., the greatest influence 
on my life, who taught me the that the best kind of knowledge to have is that which is 
learned because of genuine interest.  
Thank you all for the guidance and impacts you have had on my life.  Without 
your presence and example none of this would have been possible.  You have been the 
source of my motivation and inspiration.
vi
ACKNOWLEDGEMENTS
I would like to first formally express sincere gratitude to my graduate committee, 
Dr. Jeff W. Savell, Dr. Davey Griffin, Dr. Dan Hale, Dr. Jason Sawyer, and Dr. Joe 
Townsend, for each member has contributed significantly through their guidance, 
support, encouragement, teachings, and most importantly patience expressed throughout 
this endeavor.  Dr. Savell, thank you for allowing me the opportunity to work with, what 
can only be described as the, “best of the best,” Meat Science program.  I greatly 
appreciate all the opportunities you have provided me with over the past years in which I 
have gained a vast amount of knowledge and experience through research, extension, 
and teaching opportunities.  Your leadership has developed my professional competence 
to which my future success will be in debt.  I thank Dr. Griffin for imparting your 
expertise not only in fabrication but also in your leadership ability.  Dr. Hale, thank you 
for always having the time to answer my questions in my quest for knowledge and 
fulfillment of understanding.  Specifically, I thank Dr. Jason Sawyer for your guidance 
and friendship even as an undergraduate, while constantly encouraging me to develop as 
a professional and as an individual.  Finally, I thank Dr. Joe Townsend for your 
encouragement throughout this program.  
This list of acknowledgements would not be complete without the mention of 
my fellow graduate students.  I cannot thank my fellow meat science graduate students 
enough for their efforts on not only this project but also many others and for their 
friendship during the last two years.  Scott Langley, Lyda Garcia, and Laura May you 
vii
were invaluable in assisting with the fabrication of this project; it could not have been 
completed without your assistance.  For their efforts and assistance; Ashley Haneklaus, 
Jarrett Huddek, Anna Langford, Austin Lowder, Tiffany Muras, Kristin Nicholson, 
Sarah West, Will Wiederhold, a special thanks as well for your support and 
companionship that has made my time here so memorable.  My thanks to Ray Riley for 
all the work yourself and the Rosenthal employees contributed to make this project a 
success.
Finally and most importantly, I want to thank my wife, Kristin, and my family,
Bob and Shirlene Dillon for all the support over the years.  You have been instrumental 
in the accomplishments I have attained.  Without your support and encouragement 
throughout my life, I would not be able to where I am today.
To all of those listed, I extend my deepest appreciation for without you none of 
this would have been possible.
This project was funded by beef and veal producers and importers through their 
$1-per-head checkoff and was produced for the Cattlemen’s Beef Board and state beef 
councils by the National Cattlemen’s Beef Association.
viii
TABLE OF CONTENTS




TABLE OF CONTENTS .......................................................................................... viii
LIST OF TABLES .................................................................................................... x
CHAPTER
I INTRODUCTION................................................................................ 1
II REVIEW OF LITERATURE .............................................................. 4
III MATERIALS AND METHODS .........................................................        9
Carcass Selection............................................................................        9
Carcass Fabrication ........................................................................      12
                  Price Allocation..............................................................................      17
Statistical Analysis .........................................................................      19
IV RESULTS AND DISCUSSION .......................................................... 21
Simple Statistics .............................................................................      21
Heifer Population ...........................................................................      23
Steer Population .............................................................................      25
Carcass Composition Percents .......................................................      25
Carcass Values ...............................................................................      36
Correlation Coefficients .................................................................      60
Prediction Equation Analysis .........................................................      65
Verification.....................................................................................      71
ix
CHAPTER                                                                                                                   Page                          
         V CONCLUSIONS.................................................................................. 73
LITERATURE CITED ............................................................................................. 75
APPENDIX A ........................................................................................................... 80
VITA ......................................................................................................................... 96
xLIST OF TABLES
TABLE                                                                                                                       Page
1 Carcass selection parameters............................................................................... 11
2 Average prices used in value determination ....................................................... 18
3 Simple means, standard deviations, minimum and maximum values of carcass 
traits stratified by sex class.................................................................................. 22
4 Simple means, standard deviations, minimum and maximum values of heifer 
carcass traits stratified by weight (kg), and ribeye area per hundred weight ...... 24
5 Simple means, standard deviations, minimum and maximum values of steer 
carcass traits stratified by weight (kg), and ribeye area per hundred weight ...... 26
6 Least squares means of beef rib and plate subprimal components (%) stratified 
by sex class, weight (kg), and ribeye area per 100 kg ratio ................................ 29
7 Beef rib and plate subprimal components (%) contrasts by designated 
populations .......................................................................................................... 29
8 Least squares means of beef chuck and brisket subprimal components (%)
stratified by sex class, weight (kg), and ribeye area per 100 kg ratio ................. 30
9 Beef chuck components (%) contrasts by designated populations...................... 31
10 Least squares means of beef loin subprimal components (%) stratified by sex 
class, weight (kg), and ribeye area per 100 kg ratio............................................ 32
11 Beef loin subprimal component (%) contrasts by designated populations ......... 33
12 Least squares means of beef round subprimal components (%) stratified by sex 
class, weight (kg), and ribeye area per 100 kg ratio............................................ 33
13 Beef round subprimal component (%) contrasts by designated populations ...... 34
14 Least squares means of beef lean trim from subprimal components (%) 
stratified by sex class, weight (kg), and ribeye area per 100 kg ratio ................. 34
15 Beef lean trim (%) contrasts by designated populations ..................................... 35
xi
TABLE                                                                                                                       Page
16 Least squares means of bone and fat waste trim (%) stratified by sex class, 
weight (kg), and ribeye area per 100 kg ratio...................................................... 35
17 Bone and fat waste trim (%) contrasts by designated populations...................... 35
18 Least squares means of beef rib and plate subprimal components ($) stratified 
by sex class, weight (kg), and ribeye area per 100 kg ratio ................................ 38
19 Beef rib and plate subprimal component ($) contrasts by designated 
populations .......................................................................................................... 38
20 Least squares means of beef chuck and brisket subprimal components ($)
stratified by sex class, weight (kg), and ribeye area per 100 kg ratio ................. 39
21 Beef chuck and brisket subprimal component ($) contrasts by designated
populations .......................................................................................................... 40
22 Least squares means of beef loin subprimal components ($) stratified by sex
class, weight (kg), and ribeye area per 100 kg ratio............................................ 40
23 Beef loin subprimal component ($) contrasts by designated populations........... 41
24 Least squares means of beef round subprimal components ($) stratified by 
sex class, weight (kg), and ribeye area per 100 kg ratio ..................................... 41
25 Beef round subprimal component ($) contrasts by designated populations........ 42
26 Least squares means of beef lean trim from subprimal components ($) stratified
by sex class, weight (kg), and ribeye area per 100 kg ratio ................................ 42
27 Beef lean trim from subprimal component ($) contrasts by designated
populations .......................................................................................................... 43
28 Least squares means of bone and fat waste trim from subprimal components
($) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio............ 43
29 Bone and waste trim ($) contrasts by designated populations ............................ 44
30 Least squares means of beef carcass value ($) stratified by sex class, weight 
(kg), and ribeye area per 100 kg ratio ................................................................. 44
31 Carcass value ($) contrasts by designated populations ....................................... 45
xii
TABLE                                                                                                                       Page
32 Least squares means of beef carcass value per 45.36 kg ($) stratified by sex class, 
weight (kg), and ribeye area per 100 kg ratio...................................................... 45
33 Beef carcass value per 45.36 kg ($) contrasts by designated populations .......... 46
34 Least squares means of intermuscular fat characteristics (%) stratified by sex 
class, weight (kg), and ribeye area per 100 kg ratio............................................ 49
35 Intermuscular fat contrasts by designated populations ....................................... 49
36 Least squares means of subcutaneous fat characteristics (%) stratified by sex 
class, weight (kg), and ribeye area per 100 kg ratio............................................ 50
37 Subcutaneous fat contrasts by designated populations ....................................... 50
38 Least squares means of kidney, pelvic, and heart fat characteristics (%) 
stratified by sex class, weight (kg), and ribeye area per 100 kg ratio ................. 51
39 Kidney, pelvic, and heart fat (%) contrasts by designated populations .............. 51
40 Least squares means of carcass fat characteristics (%) stratified by sex class, 
weight (kg), and ribeye area per 100 kg ratio...................................................... 52
41 Carcass fat (%) contrasts by designated populations .......................................... 52
42 Least squares means of carcass bone characteristics (%) stratified by sex class, 
weight (kg), and ribeye area per 100 kg ratio...................................................... 53
43 Carcass bone (%) contrasts by designated populations....................................... 53
44 Least squares means of re meat yield (%) stratified by sex class, weight (kg), 
and ribeye area per 100 kg ratio .......................................................................... 54
45 Percent red meat yield (%) contrasts by designated populations ........................ 54
46  Simple means, standard deviations (SD), minimum and maximum values of 
      carcass values stratified by gender ...................................................................... 56
  
47 Simple means, standard deviations (SD), minimum and maximum values of
differences in values stratified by gender............................................................ 58
xiii
TABLE                                                                                                                       Page
48 Least squares means of differences in beef carcass value per 45.36 kg ($) 
stratified by sex, weight (kg), and ribeye area per 100 kg ratio .......................... 59
49 Beef carcass value per 45.36 kg ($) contrasts by designated populations .......... 59
50 Pearson correlation coefficients for carcass value ($) per 45.36 kg between yield 
grade factors overall and by sex class ................................................................. 61
51 Pearson correlation coefficients for (%) carcass fat components and value per 
45.36 kg stratified by gender............................................................................... 64
52 Pearson correlation coefficients for carcass percents and value per 45.36 kg and 
bone influence stratified by gender ..................................................................... 65
53 Models to predict carcass value per 45.36 kg as listed by stepwise analysis for 
whole population ................................................................................................. 69
54 Models to predict carcass value per 45.36 kg as listed by stepwise analysis for 
heifer population ................................................................................................. 69
55 Models to predict carcass value per 45.36 kg as listed by stepwise analysis for 
steer population ................................................................................................... 70
56 Prediction equations generated to predict carcass value per 45.36 kg stratified 
by sex class.......................................................................................................... 70
57 Average differences between actual variable and predicted variable for 
carcasses stratified by sex class........................................................................... 72
1CHAPTER I
INTRODUCTION
According to the National Beef Quality Audit-2005 (NBQA-2005) Garcia et al. 
(2008), USDA Yield Grade 4 (YG 4) carcasses are one of the top ten problems facing 
the beef industry today (NCBA, 2006).  In 2007, USDA beef carcass grading data 
showed that 9.5% of carcasses that were graded YG 4 (USDA, 2008a).  Additionally, 
USDA-AMS reported that, on average, YG 4 carcasses receive approximately a 
$15/45.36 kg (per hundred weight) discount.  These carcasses are heavily discounted due 
to their low red-meat yield percentages and high percentages of fat and bone. However, 
should all USDA Yield Grade 4 carcasses be valued equally?  Past research has shown 
that there are breedtype differences in fat deposition, and that the current yield grade 
system, implemented in the 1960’s, over-estimates and under-estimates different cattle 
types (Crouse et al., 1975; Griffin et al., 1992; Koch et al., 1976). 
Within the population of YG 4 carcasses, there are carcasses classified as Yield 
Grade 4 because of below average muscling, excessive fat thickness, heavy carcass 
weight, or a combination of these factors.  USDA Yield Grades are a numerical 
representation estimated percentage of boneless, closely trimmed retail cuts from the 
round, loin, rib, and chuck of a carcass.  USDA yield grades are assigned to carcasses 
____________
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2based on an equation that incorporates fat thickness, ribeye area, hot carcass weight, and 
percentage of kidney, pelvic, and heart fat (USDA, 1997).  Data from the National Beef 
Quality Audit-2005 indicated that YG 4 heifer carcasses often assigned that grade 
because of fat thickness, whereas steer carcasses were assigned a YG 4 designation due 
to a variety of reasons.  It appears that in addition to steer carcasses becoming YG 4’s 
for the reason of excess fat, a significant portion of this population received the YG 4 
grade due to a small ribeye area in relation to heavy carcass weights.  In the NBQA 2005 
results, the data showed that 315 of the 422 (74.64%) USDA Yield Grade 4 heifer 
carcasses had a fat thickness greater than 2.03 cm.  Among steer carcasses, a substantial 
percentage of YG 4 carcasses had fat thickness levels of 1.52 to 2.03 cm, indicating that 
these carcasses became USDA Yield Grade 4’s as they displayed below-average 
muscling.
A current assessment of the composition of Yield Grade 4 carcasses from steers 
and heifers is needed to further examine this issue.  Historically, the cutability for YG 4 
carcasses would have been lower than the cutability from YG 3’s or better.  Excessive fat 
due to a change of one yield grade unit represents a 2.3% change in boneless, closely 
trimmed retail cuts from the round, loin, rib, and chuck (Murphey et al., 1960) or a 3.4% 
change in total retail product from the whole carcass (Dikeman et al., 1998).  However, 
increasing carcass weights may be driven by increased muscle and frame size rather than 
by excessive fatness.  This rationale may be contributing to the higher number of 
carcasses being identified as Yield Grade 4.  Cutability of these carcasses may not be as 
negatively impacted as the Yield grade equation suggests.  Current cutability information 
3is needed to determine the economic impact of Yield Grade 4 carcasses.  Essentially, a 
fresh approach to evaluating composition of Yield Grade 4 carcasses is needed.  
Particularly carcasses placed in this category due to heavy weights and less muscle and 
not primarily excessive fatness. Upon completion of this project, our objective is to 
assess the variability in Yield Grade 4 beef carcass composition, and as a result increase 
the values of these commonly discounted carcasses for packers, and in turn adding value 
to these cattle. 
The goals of this study are to:
1) To assess the cutout and value differences among carcasses within the USDA 
Yield Grade 4 category.
2) To provide packers and cattle producers up-to-date information for 
determining the optimum utilization of Yield Grade 4 carcasses.
4CHAPTER II
REVIEW OF LITERATURE
The National Cattlemen’s Beef Association (NCBA) and its predecessor 
organizations have continuously sought after a means to improve grading to better 
suggest purchasing desires in order to assemble recommendations to the USDA 
concerning possible modifications in beef quality and yield grading.  The USDA yield 
grades were established to predict the yield of boneless, closely trimmed retail cuts from 
a beef carcass (1997).  Although grades were established for marketing purposes, a price 
spread developed between yield grades. In practice the largest price break is between 
Yield Grade 3 or better carcasses and those from Yield Grade 4 or 5 carcasses (Griffin et 
al., 1992).  The growing interest in marketing fed cattle on a value or grid basis, where 
prices are based on individual carcass merit, highlights the USDA’s responsibility to 
revise its grade standards when revision will increase the accuracy, precision, and 
usefulness.  
The first real reported attempt to determine whole-body composition of animals 
was by Lawes and Gilbert (1859). In this study physical dissection and chemical 
analyses were performed on three bovines through the separate analysis of individual 
organs and tissues.  This work was to be followed by Trowbridge in 1919, Lotka (1925). 
These studies served as a basis for the development of methods to predict carcass 
composition.    
5One of the first standardized methods of evaluating composition of a beef carcass 
was the physical separation of the 9-10-11-rib cut (Hankins and Howe, 1946). These 
studies indicated the most effective means of establishing the composition of beef 
carcasses is the use of chemical analysis in an entire carcass. Furthermore, they also 
reported that heifers contained a larger quantity of trimmable fat from the 9-10-11-rib
section than found in steer carcasses.  However, this method is found to be time intense, 
costly, and results in non-usable carcasses, resulting in less wasteful methods for 
estimating carcass composition.
A report by Murphey et al. (1960) became the basis for the USDA yield grading 
standards for beef, later to be adopted in 1965.  Since 1965, numerous researchers have 
evaluated the USDA yield grade equation and its relevance.  A considerable amount of 
research has been performed relating to the composition of beef carcasses.  The greater 
parts of such studies are comprised of data used to classify the total composition of the 
carcass when segregated by diet, breed, gender, or additional easily obtainable measures.
Consequently, techniques that would calculate beef carcass composition without 
rendering the carcass unusable were employed.  Murphey et al. (1960) established that a 
regression equation utilizing four independent variables (fat thickness over the rib eye, 
percent kidney, pelvic, and heart fat; area of rib eye; carcass weight) could be utilized to 
predict the percentage of boneless, closely trimmed retail cuts from the round, loin, rib, 
and chuck.  Carcasses (n=162) of varying weights and quality grades were incorporated 
in this study with carcasses fabricated in accordance with recognized research 
6procedures.  The following equation was recommended for use by USDA to predict 
carcass cutability:
Percent boneless retail cuts from the round, loin, rib, and chuck 
           = 51.34 - 5.78 (single fat thickness over the rib eye, in.) 
- .462 (percent kidney fat) 
+ .740 (area of rib eye, sq. in.) 
- .0093 (carcass weight, lbs.)
A numerical scale of one to ten indicated the predicted range in the yield of retail cuts.  
These scale numbers, each representing a range of 2.3% are referred to as yield grades.  
The simple correlation coefficient between estimated yields by this regression equation 
and actual cuts was 0.906.  From this work a beef yield grading system was developed.
Many other studies have been conducted to predict the composition of beef both 
on the live animal, as well as, the carcass.  Powell and Huffman (1973), and Cross et al. 
(1973), compared the yield grades with other available methods of estimating beef 
carcass cutability and concluded that the current yield grade system is the best method 
for predicting cutability in addition to maintaining practical application in the present 
grading program.  However, certain researchers have argued that there are deficiencies 
in the current yield grade system or have recommended modifications, which they 
believe, would expand the accuracy of the yield grades.  Outcomes reported by Tyler et 
al. (1964), indicated that composition of carcasses with identical yield grades were not 
affected by differences in carcass conformation.  Although, they reported carcasses with 
the equivalent fat depth had higher muscle to bone ratios as carcass conformation grades 
7increased.  Powell and Huffman (1973), established that fat thickness was the most 
significant aspect in determining USDA yield grades as well as predicting desirable 
carcass composition as determined by chemical analysis.  Kauffman et al. (1975), in an 
attempt to predict extractable fat and fat-free muscle, found the combination of adjusted 
fat thickness, longissimus muscle area, and marbling score accounted for 73% of the 
variability in percent fat-free muscle as a percentage of carcass weight.  Crouse et al. 
(1975) evaluated the USDA yield grade equation as it applied to finding value-
determining differences in beef.  Due to the introduction of faster growing, more 
muscular, later maturing types of beef cattle breeds, findings demonstrate that the 
independent variable most associated with proportion of cutability is that of fat thickness 
at the 12th rib. Further, the use of a single prediction equation to predict cutability for all 
breeds is only slightly more accurate within a breed, and only a single percent less 
precise between breeds. Crouse and Dikeman (1976) established that adjusted fat 
thickness, longissimus muscle area, estimated kidney, pelvic and heart fat, hot carcass 
weight, and marbling score singularly, or in conjunction with partial retail cutout of the 
rib or round will, by the use of regression, produce reasonable estimates of percentage 
retail product.  
Common practice in the majority of packing plants is the slaughter of both steer 
and heifer carcasses.  Nevertheless, in many cases, different prices are assigned for 
carcasses of different genders with steers receiving higher prices than heifers.  Garrett et 
al. (1971) reported subprimals from heifer carcasses averaged .5 to 1% higher in total fat 
than those subprimals obtained from steer carcasses.  Equations for predicting the 
8cutability of individual beef wholesale cuts were presented by Cross et al. (1973).  These 
equations were calculated using easily available measurements from the round, loin, rib, 
chuck, or flank, and accounted for 63 to 80% of the differences in yields of bone-in and 
boneless retail cuts from the major wholesale cuts.  It was also observed that when bone 
was removed from the primal cuts, the incorporated measures of muscle improved in 
comparative significance.  Additionally, Stiffler et al. (1985) evaluated the cutability 
characteristics of beef cattle from Continental crossbreds, Bos indicus crossbreds, Dairy 
crossbreds, and Bos taurus crossbreds. Stiffler reported the Bos taurus influenced cattle 
had the highest percentage of fat trim, while the Dairy influenced cattle had the highest 
percentage yield of bone. Continental crossbred cattle had the highest percentage yield 
of major subprimals with the Bos taurus having the lowest.  Even though, the Dairy 
influenced cattle had the lowest fat trim, the higher percentage in subprimal yield over 




USDA Choice, Yield Grade 4 beef carcasses (n = 60) were selected from two 
commercial packing facilities located in different regions of Texas, and one side of each 
carcass was purchased.  A USDA Agricultural Marketing Service (AMS) Meat Grading 
Supervisor evaluated carcasses for preliminary yield grade, adjusted preliminary yield 
grade, ribeye area, percentage of kidney, pelvic, and heart fat, hot carcass weight, final 
yield grade, maturity (skeletal and lean), marbling score, and quality grades according to 
USDA (1997) standards.  Texas A&M University and West Texas A&M University 
personnel recorded additional information including lot number, hot carcass weight, 
ribeye area to hot carcass weight ratio, hump height, and sex.  Hump height 
measurements were obtained by extending a line along the top of the back.  The height 
of the hump was the distance from the line to the top of the lean muscle (excluding the 
external layer of fat) and is measured perpendicular to the extension of the top-line at the 
peak of the hump laid at the top of the animals’ shoulders, consisting of the M. 
rhomboideus (AMSA, 2001).  Marbling scores were assigned as follows:  300 to 399 = 
Slight; 400 to 499 = small; 500 to 599 = Modest. Bodywall thickness was measured 
12.7 cm from the M. longissimus lumborum at the 12th and 13th rib split.
The 60 carcasses selected for this project were selected on parameters that 
segregated them into eight different groups (Table 1).  Initially, the carcasses were 
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selected by sex class into heifer (n=20) and steer (n=40) carcasses.  Heifer carcasses 
were selected (n = 5 per group) by weight groups: lighter weight (317.5 - 362.9 kgs) and 
heavier weight (362.9 - 408.2 kgs).  Steer carcasses were selected to fit two weight 
groups (n = 20 per group): lighter weight (362.9 - 408.2 kgs) and heavier weight (408.2 -
453.6 kgs). Carcasses were further divided within weight class according to ribeye area 
per 100 pounds of hot carcass weight ratio (REA: 100 kg). The two groups within the 
heifer hot carcass weight groups were those carcasses with a REA: 100 kg ratio of less 
than 21.76 9.3 cm2/45.4kg and those equal to or above 21.76 9.3 cm2/45.4kg.  The two 
groups within steer hot carcass weight groups were those carcasses with a REA: 100 kg
ratio of less than 20.07 9.3 cm2/45.4kg and those equal to or above 20.07 9.3 cm2/45.4kg.  
Selection stratifications were developed based on analysis of the population of Yield 
Grade 4 carcasses from NBQA-2005 (NCBA, 2006), which revealed a natural break 
between the carcasses having a REA: 100 kg ratios within the parameters previously 
listed. 
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Table 1.  
Carcass selection parameters
Heifers (n=20)
REA / HCW Warm carcass 
n Ratio Weight, kg
5 (< 21.76) 317.5 – 362.9
5 (> 21.76) 317.5 – 362.9
5 (< 21.76) 363.3 – 408.2
5 (> 21.76) 363.3 – 408.2
Steers (n=40)
REA / HCW Warm carcass 
n Ratio Weight, kg
10 (< 20.07) 362.9 – 408.2
10 (> 20.07) 362.9 – 408.2
10 (< 20.07) 408.7 – 453.6
10 (> 20.07) 408.7 – 453.6
After carcasses were evaluated and selected, each side was assessed for slaughter 
and dressing defects and the side practically free of defects (i.e., miss-splits, trimming, 
etc) was selected.  Inside skirt muscles (M. transversus abdominis) were released from 
the hindquarter preceding ribbing of the carcass at the packing facility.  Carcasses were 
divided into quarters and shipped via refrigerated trucks to the Rosenthal Meat Science 




Upon receiving the carcasses, each side was weighed, sprayed with lactic acid as 
a microbial intervention, and reweighed.  Carcasses were held until they were fabricated 
into boneless subprimals, and minor cuts.  Throughout fabrication, each subprimal and 
corresponding lean trimmings, fat trimmings, and bone components were weighed and 
recorded to the nearest 0.0045 kg.  All components were summed to ensure a 99% 
recovery of each subprimal weight.  The briskets were trimmed to 1.905 cm
subcutaneous fat to represent “packer trimmed” briskets, while all other subprimals were 
trimmed to no greater than 0.635 cm.  When lean trimmings were produced, the targeted 
visual lean proportion was 80% lean to 20% fat. However, specific carcass components 
were identified as 50%, or 90% lean, respectively as traditionally identified by the meat 
industry.  Where appropriate, Institutional Meat Purchase Specification numbers (IMPS 
#), as defined by USDA (1997) and NAMP (2008), were used to manufacture fabricated
subprimals. 
Forequarter Fabrication
Forequarters (IMPS #102) were weighed; heart fat was removed flush with the 
body cavity surface and reweighed prior to further fabrication.  The inside (M. 
transversus abdominis) and the outside (M. diaphragma pars costalis et sternalis) skirt 
muscles were loosened at their most anterior attachment in preparation for the rib/chuck 
separation.  A saw-cut between the fifth and sixth ribs was made to separate the rib and 
plate from the chuck.  
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The brisket was separated from the remaining arm chuck by a saw-cut
perpendicular to the chuck/plate separation approximately 2.54 cm from the dorsal end 
of the M. pectoralis profundus through the cartilaginous juncture of the first rib and 
sternum.  The removal of this portion was completed by following the natural seam 
found on the medial segment of the foreshank.  All bones and cartilage were removed,
and deckle fat was trimmed to expose the lean surface of the M. Pectoralis profundus, 
without scoring the lean.  The hard fat along the ventral edge of the brisket was trimmed 
flush with the lean surface and external fat was trimmed to 1.91 cm to create a Beef 
Brisket, Deckle Off, Boneless (IMPS #120).  The remaining arm chuck portion was then 
suspended by the foreshank and the Beef Chuck, Outside Shoulder (Clod) (IMPS #114) 
was removed.  The shoulder clod further was broken down by removing the M. Teres 
major through the natural seam and denuded to create a Beef Chuck, Shoulder Tender 
(IM) (IMPS #114F).  The M. Infraspinatus was removed through the natural seam as a 
whole muscle and was trimmed practically free of fat, generating a Beef Chuck, Outside 
Shoulder (Clod) (IMPS #114D), Top Blade, Roast.  The M. latissimus dorsi was 
removed and trimmed of any excess fat and labeled as special trim, while the M. tensor 
fascia antebrachii was removed from the M. triceps brachii creating the Beef Chuck, 
Shoulder Clod, Arm Roast (IMPS #114E).  The scapula, including the M. supraspinatus 
and the M. subscapularis, was removed from the chuck.  The Beef Chuck, Chuck 
(Mock) Tender (IMPS #116B) was fabricated by separating the M. supraspinatus from 
the scapula and trimming.  The M. subscapularis also was removed from the scapula and 
recorded as lean trimmings.  The dorsal segment of the M. pectoralis profundus,
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remaining on the chuck after the brisket separation, was detached and denuded, making 
the Beef Chuck, Square Cut, Pectoral Meat (IMPS #115D).  The remainder of the chuck 
was separated from the foreshank through natural seams.  A dorsal/ventral saw-cut 
separated the neck from the chuck between the fifth and sixth cervical vertebra.  The 
chuck short ribs were cut along the ventral edge of the vertebral column and 
perpendicular to the rib end of the chuck roll.  Beef Chuck, Short Ribs (IMPS #130) 
were prepared by removing the first rib and overlying tissue leaving the remaining ribs 
(2 through 5), intercostal and M. serratus ventralis practically free of fat.  The Beef 
Chuck, Chuck Roll (IMPS #116A) was fabricated by removing the vertebrae, dorsal 
spinous processes, ligamentum nuchae, M. trapezius, and associated fat.  In addition, the 
ventral edge of the chuck roll was cut to include a 2.54 cm tail (from the ventral edge of 
the M. longissimus thoracis).  The remaining foreshank and neck were separated into 
lean trimmings, trimmable fat, and bone components.  
A saw-cut, 10.16 cm ventral to the M. longissimus thoracis on the caudal end and 
7.62 cm ventral to the M. longissimus on the cranial end, identified the rib/plate 
separation.  The resulting Beef Plate, Short Plate (IMPS #121) consisted of seven 
remaining ribs (and overlying tissue), in addition to, the M. diaphragma and the M. 
transversus abdominis muscles.  Following Short Plate (IMPS #121) fabrication, we 
completed the Beef Plate, Short Plate, Boneless (IMPS #121A), which was utilized as 
50% (50% lean to 50% fat) lean trimmings.  Prior to fabrication of the IMPS #121A, the 
Beef Plate, the Inside Skirt (IMPS #121D) and the Outside Skirt (IMPS #121C) were 
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removed, the peritoneum was removed, and the surface was trimmed practically free of 
fat. 
The remaining beef rib was first fabricated by separating the cap and wedge meat 
(M. rhomboideus thoracis, M. trapezius pars thoracia, and M. latissimus dorsi) from the 
rib to produce Beef Rib, Blade Meat (IMPS #109B) by separating each individual 
muscle and trimming it practically free of fat.  The Beef Rib, Back Ribs (IMPS #124) 
also were removed from the rib.  Beef Rib, Ribeye, Lip-On (IMPS #112A) additionally 
was fabricated by removing the ligamentum nuchae and reducing the tail to 5.08 cm
ventral to the M. longissimus thoracis on both ends of the subprimal.
Hindquarter Fabrication
Fabrication of the Beef Hindquarter (IMPS #155) was conducted after recording 
the initial weight.  Before the separation of the round and loin, practically all kidney and 
pelvic fat was removed.  The M. rectus abdominis and associated fat were removed from 
the M. transversus abdominis, M. obliquus abdominis internus, and the M. obliquus 
abdominis externus through the natural seams producing the Beef Flank, Flank Steak 
(IMPS #193).  The Beef Loin, Bottom Sirloin Butt, Flap, Boneless (IMPS #185A) 
consisting of only the M. obliquus abdominis internus was removed from the bottom 
sirloin by a separation from the ball tip (M. rectus femoris, M. vastus lateralis and M. 
vastus medialis) and the tri tip (M. tensor fasciae latae) through the natural seams.  The 
round/loin division was made by a saw cut 2.54 cm anterior to the aitch bone (split 
surface of the pelvis) and between the juncture of the forth and fifth sacral vertebrae.  
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The Beef Loin, Tenderloin, Full, Side Muscle On, Defatted (IMPS #189A) was derived 
by removal of the M. psoas major, M. psoas minor, and M. iliacus complex.  After 
removal from the loin, all remaining areas of fat were trimmed from the surface of the 
subprimal.  The M. cutaneous trunci, commonly referred by the meat industry as the 
“elephant ear,” was removed from the surface of the loin and flank.  
The sirloin was separated from the shell loin (post tenderloin removal) 
immediately anterior to the tuber coxae of the ilium, and parallel to the cut exterior of 
the round/loin separation.  The top and bottom sirloin were separated by a straight cut 
along the natural seam at the ventral edge of the M. gluteus medius.  The top sirloin was 
fabricated into a Beef Loin, Top Sirloin Butt, Boneless (IMPS #184), with all bones, 
cartilage, and sacrosciatic ligament, as well as lean and fat covering the ligament 
removed.  The bottom sirloin was separated into the Beef Loin, Bottom Sirloin Butt, Ball 
Tip, Boneless (IMPS #185B) and the Beef Loin, Bottom Sirloin Butt, Tri-Tip, Boneless, 
Defatted (IMPS #185D).  Both cuts were trimmed virtually free of fat. 
The cod/udder fat was removed from the flank area and weighed separately. The 
flank was separated from the remaining portion of the loin by a straight cut 7.62 cm from 
the ventral edge of the M. longissimus thoracis and 5.08 cm from the ventral edge of the 
M. longissimus lumborum.  The M. obliquus externus abdominis (special trim flank 
muscle) was isolated and trimmed free of fat.
The bodies of the thoracic and lumbar vertebrae of the remaining portion of the 
shell loin were detached and all remaining bones were removed.  The tail was reduced to 
2.54 cm on the anterior end and 0.00 cm on the posterior end to prepare the Beef Loin, 
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Strip Loin, Boneless (IMPS #180 [0  1]).  Subcutaneous fat also was trimmed to 0.635 
cm over the external surface of the strip loin.
The aitch bone was removed before hanging the remaining portion of the round 
on the rail by the Achilles tendon for further fabrication.  Commencing at the patella, the 
round tip was removed by following the natural seams, and the Beef Round, Tip 
(Knuckle) Peeled (IMPS #167A) was further readied by removing the patella, the distal 
tip of the M. tensor fasciae latae, and the layer of heavy connective tissue with any 
connected fat.  The Beef Round, Top (Inside) (IMPS #168) was removed from the round 
through the natural seam, and the medial side was trimmed free of remaining fat.  The 
remaining portion of the round was removed from the hindshank and subsequently 
fabricated into a Beef Round, Outside Round (Flat) (IMPS #171B) and the Beef Round, 
Eye of Round (IM) (IMPS #171C).  Both cuts were trimmed free of fat on the medial 
surface, and the heavy connective tissue (“silver skin”) was removed from the outside 
round (flat).  The Beef Round, Bottom Round, Heel (IMPS #171F), consisting of the M. 
gastrocnemius and M. superficial digital flexor muscles located adjacent to the femur, 
was removed from the lower portion of the outside round and recorded as 90% lean 




Subprimal prices (Table 2) were obtained from the Agricultural Marketing 
Service of USDA.  Prices were collected from USDA archives from the weekly average 
of the first and last week of the first and last month of each quarter for 2007 and for the 
first half of 2008.  These prices then were averaged to determine a price to be used to 
compare total value of the different carcass types.
Table 2.  Average prices used in value determinations
Prices / 45.36 kg
IMPS # a U.S. $
Beef rib
Blade meat 109B 180.39
Ribeye roll 112A 549.99
Back ribs 124 101.55
Beef chuck
Shoulder, top blade 114D 217.32
Shoulder, arm roast 114E 216.16
Shoulder tender (IM) 114F 295.70
Square cut, pectoral meat 115D 207.84
Chuck roll 116A 168.31
Chuck tender 116B 168.54
Short ribs 130 147.76
Beef brisket, deckle off, bnls 120 130.69
Beef plate
Inside skirt (IM) 121C 272.44
Outside skirt (IM) 121D 301.09
Beef round
Knuckle (tip), peeled 167A 177.03
Top (inside) 168 173.68
Outside round (flat) 171B 166.68
Eye of round (IM) 171C 194.24
Beef loin
Strip loin, bnls (0 x 1) 180A 541.57
Top sirloin butt, bnls 184 255.05
Bottom sirloin butt, flap, bnls 185A 316.71
Bottom sirloin butt, ball tip, bnls 185B 193.02
Bottom sirloin butt, tri-tip, bnls, defatted 185D 351.22
Tenderloin, full 189A 883.95
Beef flank, flank steak (IM) 193 392.11
Special trim 180.39
Lean trim (90%) 168.12
Lean trim (81%) 124.09
Lean trim (50%) 57.89
Bone 5.13
Fat 20.57
a Institutional Meat Purchase Specifications
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Statistical Analysis
Analysis of variance was performed by PROC GLM of SAS (SAS Institute, 
Cary, NC), and contrasts were evaluated between predetermined populations as follows:
 Heifers and steers (Heifers vs. Steers)
 Light-muscled (REA: 100 KG < 21.76) heifers compared to heavy-
muscled (REA: 100 KG > 21.76) heifers.  (Light vs. heavy muscled 
heifers)
 Light-weight (317.51 - 362.87 kg) heifers compared to the heavy weight 
(363.33 - 362.87 kg) heifers.  (Light vs. heavy weight heifers)
 Light muscled (REA: 100 KG < 20.07) steers compared to large muscled
(REA: 100 KG > 20.07) steers.  (Light vs. heavy muscled steers)
 Light-weight (362.87 - 408.23 kg) steers compared to heavy-weight 
(408.69 - 453.59 kg) steers. (Light vs. heavy weight steers)
 Heavy-weight (363.33 - 408.23 kg) heifers compared to the light weight 
(362.87 - 408.23 kg) steers.  (Heavy heifers vs. light steers)
Microsoft Excel also was used to formulate simple means.  The initial data analysis was 
performed on the total group of 60 carcasses.  Simple linear correlations involving FT 
(fat thickness, cm); PYG (preliminary yield grade); REA (M. longissimus area, cm2); 
KPH (kidney, pelvic, and heart fat, percent), HCW (warm carcass weight, kg); YG 
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(USDA YG); REA: HCW (M. longissimus area, cm2 / warm carcass weight, kg), HH 
(hump height); BW (body wall thickness, cm2) were calculated using the correlations 
procedure (PROC CORR) of SAS 9.0.  Before regressions were performed, Variance 
Inflation Factors (VIF) were analyzed in (Fit Model) of JMP 8.0 (SAS Institute, Cary, 
NC) to determine the degree of multicollinearity between the dependent and independent 
variables.  A VIF of greater than 12 was used to indicate multicollinearity.  According to 
the results, if multicollinearity was found those variables were not used.
Mallows Cp statistic, R-square values, and logistics of the models were used to 
select the best model to predict the carcass value per 100 kg.  The number of 
independent variables in each model ranged from 1 to 7.  Once each model containing 
data from the complete population, or data separated by gender, was chosen, verification 
of the models were run by averaging the difference with regard to the predicted, and 






Simple statistics for variables analyzed for the populations are presented in Table 
3, separated by gender; reporting the mean, standard deviation, minimum, and maximum 
values for USDA Yield Grade and for the yield grade factors concurrently with 
additional measurements from the carcasses selected for this study. The mean USDA 
Yield Grade for both the steers and heifers was 4.48.  While having similar mean yield 
grades, heifers had greater 12th rib fat thickness (single fat thickness over the M. 
longissimus perpendicular to the outside fat surface at a point three-fourths of the length 
of the M. longissimus), larger ribeye area per 100 kg, and lighter carcass weights than 
steers. Within steers, carcasses with larger ribeye area per 100 kg had more 12th rib fat 
thickness, a larger ribeye, and a lower numerical yield grade than steer carcasses with 
lower ribeye area per 100 kg. The selection criteria used in this study were chosen for 
the purpose of obtaining a sample of carcasses that represented a variation in gender, 
weight, fat, and ribeye that are typically found in the fed beef population, this was 
accomplished based on the information corresponded in Table 3. 
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Table 3.  
Simple means, standard deviations (SD), minimum and maximum values of carcass traits stratified by sex 
class
Variable Carcass type Mean   SD Min Max
Fat thickness, cm
Heifers     2.34     0.30     1.73     2.79
Steers     2.22     0.33     1.42     2.84
Combined     2.26     0.33     1.42     2.84
Preliminary yield grade
Heifers     4.19     0.32     3.50     4.80
Steers     4.14     0.39     3.20     5.00
Combined     4.15     0.37     3.20     5.00
Longissimus muscle area, cm2
Heifers   78.19     7.14   67.10   92.90
Steers   82.47     8.38   63.23 101.94
Combined   81.04     8.18   63.23 101.94
Kidney, pelvic, and heart fat, %
Heifers     2.45     0.65     1.50     4.00
Steers     2.33     0.53     1.50     4.50
Combined     2.37     0.57     1.50     4.50
Warm carcass weight, kg
Heifers 365.40   25.65 322.96 401.88
Steers 407.90   22.65 363.78 449.96
Combined 393.74   30.97 322.96 449.96
USDA yield grade
Heifers     4.48     0.20     4.00     4.75
Steers     4.48     0.23     4.03    4.92
Combined     4.48     0.22     4.00     4.92
REA:HCW a
Heifers   21.43     1.61   17.61   23.91
Steers   20.23     1.84   16.25   25.43
Combined   20.63     1.84   16.25   25.43
Marbling score b
Heifers 456.50   52.94 400.00 580.00
Steers 442.75   47.55 400.00 560.00
Combined 447.33   49.40 400.00 580.00
Hump height, measurement d
Heifers     1.26     0.62     0.00     2.54
Steers     2.50     1.45     0.51     7.62
Combined     2.09     1.37     0.00     7.62
Bodywall thickness, cm c 
Heifers     5.78     1.13     4.32     7.62
Steers     5.94     1.28     3.56     8.64
Combined     5.89     1.22     3.56     8.64
a Ribeye area (cm2) and hot carcass weight kg ratio.
b Marbling score:  300 to 399 = Slight;  400 to 499 = small;  500 to 599 = Modest.
c Bodywall thickness measured 12.7 cm from the vertebra at the 12th rib.
d Distance from the line to the top of the lean muscle (excluding the external layer of fat),measured perpendicular to 
the extension of the top-line at the peak of the hump laid at the top of the shoulders.
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Heifer Population
Table 4 illustrates simple carcass data from only the heifer population.  USDA 
Yield Grades varied from 4.00 to 4.75 but with no significant differences as reported in
the tables on p. 26 and p. 29 through least squares means separation and contrasts by 
designated populations.  Carcass weights ranged from 322.96 kg to 401.88 kg.  Table 4 
reports ribeye area (area of the M. Longissimus cm2) ranged from 67.10 cm2 to 92.90 
cm2.  Ribeye area per 100 kg ranged from 17.61 to 23.91 as was in accordance with the 
experimental design previously listed. Within the heifer population fat thickness, cm 
varied from 1.73 cm to 2.79 cm. These carcasses also had a large variation in bodywall 
thickness, cm ranging from 4.32 cm to 7.62 cm and hump height averages ranging from 
0.86 cm to 1.57 cm.  From this population similar variations averages for marbling 
scores ranged from 434.00 to 478.00, and kidney, pelvic, and heart fat percent varied 
from 3.92 percent to 4.48 percent. 
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Table 4. 
Simple means, standard deviations (SD), minimum and maximum values of heifer carcass traits stratified by weight (kg), and ribeye 
area per hundred weight
Heifers
Hot carcass REA:HCWa
Variable weights, kg ratio Mean    SD Min Max
Fat thickness, cm
317.5-362.9 (< 21.76)     2.32     0.24     2.03     2.64
317.5-362.9 (> 21.76)     2.34     0.29     2.03     2.64
362.9-408.2 (< 21.76)     2.15     0.32     1.73     2.54
362.9-408.2 (> 21.76)     2.57     0.25     2.13     2.79
Preliminary yield grade
317.5-362.9 (< 21.76)     4.06     0.26     3.70     4.40
317.5-362.9 (> 21.76)     4.28     0.27     4.00     4.60
362.9-408.2 (< 21.76)     3.92     0.28     3.50     4.20
362.9-408.2 (> 21.76)     4.48     0.24     4.20     4.80
Longissimus muscle area, cm2
317.5-362.9 (< 21.76)   73.16     4.15   67.10   78.06
317.5-362.9 (> 21.76)   76.13     4.00   71.61   82.58
362.9-408.2 (< 21.76)   75.61     4.62   69.03   80.65
362.9-408.2 (> 21.76)   87.87     5.01   81.29   92.90
Kidney, pelvic, and heart fat, %
317.5-362.9 (< 21.76)     2.50     0.50     2.00     3.00
317.5-362.9 (> 21.76)     2.40     0.96     1.50     4.00
362.9-408.2 (< 21.76)     2.20     0.57     1.50     3.00
362.9-408.2 (> 21.76)     2.70     0.57     2.00     3.50
Warm carcass weight, kg
317.5-362.9 (< 21.76) 348.04   10.35 335.66 362.87
317.5-362.9 (> 21.76) 337.61   10.26 322.96 345.64
362.9-408.2 (< 21.76) 388.18     7.99 376.48 398.25
362.9-408.2 (> 21.76) 387.78   15.24 365.14 401.88
USDA yield grade
317.5-362.9 (< 21.76)     4.57     0.09     4.46     4.67
317.5-362.9 (> 21.76)     4.33     0.24     4.00     4.56
362.9-408.2 (< 21.76)     4.56     0.18     4.32     4.75
362.9-408.2 (> 21.76)     4.46     0.22     4.13     4.67
REA:HCW a
317.5-362.9 (< 21.76)   21.01     0.79   19.63   21.51
317.5-362.9 (> 21.76)   22.55     0.91   21.80   23.91
362.9-408.2 (< 21.76)   19.50     1.53   17.61   21.42
362.9-408.2 (> 21.76)   22.65     0.46   22.08   23.12
Marbling score b
317.5-362.9 (< 21.76) 434.00   45.61 400.00 510.00
317.5-362.9 (> 21.76) 478.00   66.11 400.00 580.00
362.9-408.2 (< 21.76) 470.00   51.48 420.00 550.00
362.9-408.2 (> 21.76) 444.00   50.79 410.00 530.00
Hump height, measurement d
317.5-362.9 (< 21.76)     0.86     0.61     0.00     1.52
317.5-362.9 (> 21.76)     1.17     0.46     0.76     1.78
362.9-408.2 (< 21.76)     1.42     0.73     0.51     2.54
362.9-408.2 (> 21.76)     1.57     0.61     1.02     2.54
Bodywall thickness, cm c
317.5-362.9 (< 21.76)     5.08     0.48     4.57     5.59
317.5-362.9 (> 21.76)     5.31     1.35     4.32     7.62
362.9-408.2 (< 21.76)     5.82     1.16     4.32     7.37
362.9-408.2 (> 21.76)     6.91     0.49     6.10     7.37
a Ribeye area (cm2) and hot carcass weight kg ratio.
b Marbling score:  300 to 399 = Slight;  400 to 499 = small;  500 to 599 = Modest.
c Bodywall thickness measured 12.7 cm from the vertebra at the 12th rib.
d Distance from the line to the top of the lean muscle (excluding the external layer of fat),measured perpendicular to the extension of 
the top-line at the peak of the hump laid at the top of the shoulders.
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Steer Population
Table 5 presents simple carcass data from the steer populations.  USDA Yield 
Grades varied from 4.03 to 4.92.  Carcass weights ranged from 363.78 kg to 449.96 kg, 
ribeye area (area of the M. Longissimus cm2) ranged from 63.23 cm2 to 101.94 cm2, and 
ribeye area per 100 kg 16.25 to 25.43. Within the steer population fat thickness, cm 
varied from 1.42 cm to 2.84 cm.  Additionally, these carcasses also had a large variation 
in bodywall thickness, cm ranging from 3.56 cm to 8.64 cm and hump height averages 
ranging from 1.85 cm to 3.00 cm.  From this population similar variations averages for 
marbling scores ranged from 435.00 to 449.00, and kidney, pelvic, and heart fat percent 
varied from 2.20 percent to 2.50 percent.  Additional tables for all carcass characteristics 
of the Yield Grade 4 population regarding least squares mean separation and contrasts by 
designated populations can be found in tables 1 through 18 Appendix A.    
Carcass Composition Percents
Least squares means of beef carcass components as cutout weights stratified by sex 
class, hot carcass weight, and ribeye area per 100 kg ratio of the population coupled with 
contrasts by designated populations can be found in tables 19 through 30, Appendix A.
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Table 5. 




Variable weights, kg ratio a Mean    SD Min Max
Fat thickness, cm
362.9 – 408.2 (< 20.07)     2.01     0.21     1.73     2.34
362.9 – 408.2 (> 20.07)     2.37     0.34     1.83     2.84
408.7 – 453.6 (< 20.07)     2.05     0.33     1.42     2.44
408.7 – 453.6 (> 20.07)     2.46     0.21     2.13     2.84
Preliminary yield grade
362.9 – 408.2 (< 20.07)     3.94     0.43     3.40     5.00
362.9 – 408.2 (> 20.07)     4.21     0.37     3.40     4.70
408.7 – 453.6 (< 20.07)     4.07     0.37     3.20     4.70
408.7 – 453.6 (> 20.07)     4.33     0.31     4.00     5.00
Longissimus muscle area, cm2
362.9 – 408.2 (< 20.07)   74.06     4.91   63.23   81.29
362.9 – 408.2 (> 20.07)   84.77     6.59   77.42   98.06
408.7 – 453.6 (< 20.07)   80.32     6.03   69.03   86.45
408.7 – 453.6 (> 20.07)   90.71     5.94   83.87 101.94
Kidney, pelvic, and heart fat, %
362.9 – 408.2 (< 20.07)     2.35     0.34     2.00     3.00
362.9 – 408.2 (> 20.07)     2.20     0.35     1.50     2.50
408.7 – 453.6 (< 20.07)     2.50     0.82     1.50     4.50
408.7 – 453.6 (> 20.07)     2.25     0.48     1.50     3.00
Warm carcass weight, kg
362.9 – 408.2 (< 20.07) 389.41   14.64 369.22 408.23
362.9 – 408.2 (> 20.07) 390.02   13.19 363.78 407.78
408.7 – 453.6 (< 20.07) 428.21   14.08 411.86 449.96
408.7 – 453.6 (> 20.07) 423.97   12.48 409.14 445.43
USDA yield grade
362.9 – 408.2 (< 20.07)     4.54     0.18     4.32     4.92
362.9 – 408.2 (> 20.07)     4.33     0.23     4.03     4.70
408.7 – 453.6 (< 20.07)     4.62     0.16     4.24     4.11
408.7 – 453.6 (> 20.07)     4.42     0.23     4.11     4.83
REA:HCW a
362.9 – 408.2 (< 20.07)   19.01     0.91   17.12   19.91
362.9 – 408.2 (> 20.07)   21.75     1.80   20.07   25.43
408.7 – 453.6 (< 20.07)   18.75     1.24   16.25 20.04
408.7 – 453.6 (> 20.07)   21.38     0.94   20.14   23.10
Marbling score b
362.9 – 408.2 (< 20.07) 435.00   57.10 400.00 560.00
362.9 – 408.2 (> 20.07) 449.00   49.54 400.00 540.00
408.7 – 453.6 (< 20.07) 448.00   44.17 400.00 510.00
408.7 – 453.6 (> 20.07) 439.00 44.58 400.00 540.00
Hump height, measurement d
362.9 – 408.2 (< 20.07)     1.85     0.93     0.76     3.81
362.9 – 408.2 (> 20.07)     3.00     2.21     0.76     7.62
408.7 – 453.6 (< 20.07)     2.57     1.07     0.76     3.81
408.7 – 453.6 (> 20.07)     2.59     1.23     0.51     4.57
Bodywall thickness, cm c 
362.9 – 408.2 (< 20.07)     5.61     0.97     4.45     7.24
362.9 – 408.2 (> 20.07)     5.99     1.35     3.81     7.87
408.7 – 453.6 (< 20.07)     5.91     1.62     3.56     8.51
408.7 – 453.6 (> 20.07)     6.26     1.21     4.32     8.64
a Ribeye area (cm2) and warm carcass weight kg ratio.
b Marbling score:  300 to 399 = Slight;  400 to 499 = small;  500 to 599 = Modest.
c Bodywall thickness measured 12.7 cm from the vertebra at the 12th rib.
d Distance from the line to the top of the lean muscle (excluding the external layer of fat),measured perpendicular to the extension of 
the top-line at the peak of the hump laid at the top of the shoulders.
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Tables 6 through 17 illustrate least squares percentage means of beef carcass 
components as a percentage of side weight stratified by sex class, hot carcass weight, 
and ribeye area per 100 kg ratio. Tables are separated by primal followed the contrasts 
for that particular primal.  There were no major observable trends or differences between 
defined heifer/steer groups; however, some carcass cutout components did differ when 
contrasted between defined groups.  
Overall, steer carcasses had a higher percentage of arm roast, chuck roll, chuck 
tender and percentage bone than heifers (P < 0.05) reported in tables 8 and 9, whereas 
heifer carcasses reported a higher percentage of trimmable fat (P < 0.05) (tables 16 and 
17).  When heavy heifer carcass (362.9-408.2) cutouts were compared to the same 
(362.9-408.2 weight steer carcasses (tables 8 – 9 and tables 10 – 11), steers sustained a 
higher percentage of chuck roll, chuck tender, and tenderloin, (P < 0.05) whereas the 
heifers yielded a higher percentage of trimmable fat than steer carcasses (P < 0.05).  
Other comparisons between light-weight and heavy-weight steer carcasses, light-weight 
and heavy-weight heifer carcasses and light-muscled and heavy-muscled steer carcasses 
showed little or no consequential differences.  In general, cuts from the forequarters of 
steer carcasses tended to have higher numerical percentage than heifer carcasses and 
heifer carcasses had a higher percentage of trimmed fat than their steer counterparts.
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In reference to table 17, the steer population proved to occupy a significantly (P <
0.05) higher percentage of bone; while the heifer population demonstrates a significantly 
(P < 0.001) higher percentage of trimmable fat waste.  This implies that within yield 
grade 4 carcasses there are differences found between genders.  These differences may 
not be due solely to conformational differences, but rather the lack of muscling found in 
heifers may be driven by the additional fat deposition, specifically in the forequarter.  
Furthermore, the contrasts taking into account sex-class, the heifer population reported a 
significantly (P < 0.01) less percentage of subprimals and minor cuts as did by the steer 
population.  Continuing with weight held within the equivalent weight range taking into 
account sex-class there was still a significant (P < 0.05) difference between the 
percentage of subprimals and minor cuts, specifically between lighter muscled heifers
and the heavier muscled steers weighing within 362.9-408.2 kg.   
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Table 6. 
Least squares means of beef rib and plate subprimal components (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS # a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEM b
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef rib
Blade meat 
109B   0.80   0.80   0.84   1.00 0.10 0.91 0.98 0.91 0.88 0.07 0.6594
Ribeye roll
112A   2.86   3.12   3.10   3.12 0.11 2.98 3.23 3.08 3.10 0.08 0.2509
Back ribs
124   0.86   0.84   0.84   0.81 0.05 0.87 0.82 0.88 0.89 0.04 0.8618
Beef plate 
Inside skirt (IM)
121C   0.64   0.55   0.58   0.51 0.06 0.53 0.49 0.52 0.53 0.04 0.5851
Outside skirt (IM)
121D   0.29   0.36   0.39   0.39 0.03 0.33 0.34 0.35 0.36 0.02 0.4693
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
Table 7.
Beef rib and plate subprimal components (%) contrasts by designated populations
Contrast Blade meat Ribeye roll Back ribs Inside skirt Outside skirt
IMPS # a 109b 112A 124 121C 121D
P > F P > F P > F P > F P > F
Heifers vs. Steers    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs .steers (408.2–453.6, kg)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
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Table 8.
Least squares means of beef chuck and brisket subprimal components (%) stratified by sex class. weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS # a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEM b
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef chuck
Shoulder, top blade
114D   1.05   1.27   1.11   1.16 0.08 1.17 1.20 1.29 1.17 0.06 0.3666
Shoulder, arm roast
114E   1.86   1.68   1.72   1.89 0.15 2.14 1.87 1.93 1.98 0.11 0.2974
Shoulder tender (IM)
114F   0.36   0.23   0.28   0.31 0.05 0.35 0.34 0.43 0.30 0.04 0.0961
Square cut, pectoral meat
115D   0.45   0.42   0.31   0.40 0.06 0.44 0.32 0.44 0.35 0.04 0.2641
Chuck roll
116A   3.95   3.92   4.09   3.68 0.23 4.38 4.43 4.12 4.50 0.16 0.0524
Chuck tender
116B   0.70   0.72   0.73   0.71 0.04 0.80 0.77 0.75 0.75 0.03 0.3469
Short ribs
130   1.01   0.96   0.84   0.85 0.08 0.97 0.84 0.95 0.90 0.06 0.5237
Beef brisket, deckle off, bnls
120   3.43   3.23   3.68   3.35 0.21 3.41 3.49 3.30 3.69 0.15 0.5174
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table 9. 
Beef chuck components (%) contrasts by designated populations
Contrast Shoulder, Shoulder, Shoulder Square cut, Chuck Chuck Short Beef brisket,
top blade arm roast tender pectoral meat roll tender ribs deckle off, bnls
IMPS # a 114D 114E 114E 115D 116A 116B 130 120
P > F P > F P > F P > F P > F P > F P > F P > F
Heifers vs. Steers    n.s. c < 0.05   n.s. c     n.s. c < 0.01 < 0.05    n.s. c    n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c     n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c    n.s. c    n.s. c     n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c < 0.05    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c    n.s. c    n.s. c     n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c     n.s. c < 0.01 < 0.05    n.s. c    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
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Table 10.







362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef loin 
Strip loin, bnls (0 x 1)
180A   2.79   2.66   2.62   3.03   0.13 2.72 2.91 2.61 2.77 0.09 0.1355
Top sirloin butt, bnls
184   2.80   2.97   2.73   3.23   2.80 3.01 2.83 2.95 2.79 0.10 0.2018
Bottom sirloin butt, flap, bnls
185A   0.92   0.89 0.86   0.93   0.05 0.90 0.81 0.98 0.92 0.03 0.0954
Bottom sirloin butt, ball tip, bnls
185B   0.81   0.89   0.89   0.91   0.16 0.82 0.88 0.79 0.91 0.11 0.9944
Bottom sirloin butt, tri-tip, bnls, defatted
185D   0.66   0.64 0.57   0.70   0.04 0.65 0.67 0.64 0.68 0.03 0.4533
Tenderloin, full
189A   1.60   1.50   1.28   1.45   0.07 1.49 1.49 1.44 1.49 0.05 0.0923
Beef flank, flank steak (IM)
193   0.46   0.48   0.46   0.47   0.03 0.45 0.42 0.50 0.50 0.02 0.1403
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table 11 Beef loin subprimal component (%) contrasts by designated populations
Contrast Bottom Bottom Bottom sirloin
Strip loin, Top sirloin sirloin butt, sirloin butt, butt, tri-tip, Tenderloin, Beef flank,
bnls (0 x 1) butt, bnls flap, bnls ball tip, bnls bnls, defatted full flank steak
IMPS # a 180A 184 185A 185B 185D 189A 193
P > F P > F P > F P > F P > F P > F P > F
Heifers vs. Steers    n.s. c    n.s. c    n.s. c     n.s. c    n.s. c    n.s. c < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c < 0.05    n.s. c     n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c    n.s. c    n.s. c     n.s. c    n.s. c < 0.01    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c < 0.05    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. .steers (408.2–453.6, kg)    n.s. c    n.s. c < 0.01     n.s. c    n.s. c    n.s. c    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c     n.s. c    n.s. c < 0.05    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
Table 12. 
Least squares means of round subprimal components (%) stratified by sex class. weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS # a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEM b
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef round 
Knuckle (tip), peeled
167A   2.10   2.06   1.96   2.01 0.15 2.21 1.97 2.02 1.82 0.10 0.3744
Top (inside)
168   4.83   5.09   4.85   5.21 0.16 5.05 5.11 4.95 4.99 0.12 0.6749
Outside round (flat)
171B   3.74   3.74   3.37   3.83 0.13 3.65 3.77 3.61 3.57 0.09 0.1850
Eye of round (IM)
171C   1.43   1.39   1.27   1.41 0.05 1.44 1.39 1.36 1.40 0.04 0.3817
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table 13.
Beef round subprimal component (%) contrasts by designated populations
Contrast Knuckle Top Outside Eye
(tip), peeled (inside) round (flat) of round
IMPS # a 167A 168 171B 171C
P > F P > F P > F P > F
Heifers vs. Steers    n.s. c    n.s. c   n.s. c     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c    n.s. c    n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg) < 0.05    n.s. c    n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c     n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
Table 14. 




317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEM b
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Lean trim 
Special      0.33      0.43      0.31      0.39 0.05      0.37      0.36      0.34      0.39 0.03 0.6536
Lean trim 
(90%)      3.24      3.03      3.12      3.14 0.14      3.20      3.05      3.14      3.15 0.10 0.9461
Lean trim 
(80%)    11.21    12.02    12.05    11.36 0.62    12.23    11.65    12.31    12.96 0.44 0.2979
Lean trim 
(50%)      8.81      7.65      9.21      8.77 0.47      8.49      8.76      8.72      8.35 0.33 0.4437
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
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Table 15. 
Beef lean trim (%) contrasts by designated populations
Contrast Lean trim Lean trim Lean trim Lean trim
Percent Lean Special trim (90%) (80%) (50%)
P > F P > F P > F P > F
Heifers vs. Steers    n.s. c    n.s. c    n.s. c     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c    n.s. c    n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c    n.s. c    n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c     n.s. c
c Non significant (P > 0.05)
Table 16. 
Least squares means of bone and fat waste trim (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEM b
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Bone    14.20    14.01    14.55    13.57 0.45    15.09      14.53    14.57    14.69 0.32 0.2377
Fat    21.39    21.84    21.01    21.10 0.89    18.59    19.93    19.72    18.88 0.63 0.0246
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
Table 17.
Bone and fat waste trim (%) contrasts by designated populations
Contrast Bone Fat
P > F P > F
Heifers vs. Steers < 0.05   < 0.001
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. .steers (408.2–453.6, kg)     n.s. c    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c < 0.05
c Non significant (P > 0.05)
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Carcass Values
As described in Materials and Methods, wholesale prices of carcass components 
were obtained from USDA Market News reports.  Prices were applied to weights of each 
carcass component and the values for each subprimal and trim off product as well as an 
overall carcass value and value per 45.36 kg are reported in Tables 18 through 29.  
Comparisons of carcass component values were readily evident between the defined 
groups of carcasses; however, essentially all differences can be attributed to differences 
in component/carcass weight differences rather than substantial differences in carcass 
composition.  In evaluating heifer versus steer carcasses, steer carcasses had 
significantly (P < 0.05) higher values for 21 of the 30 carcass component values as well 
as total carcass value found in tables 18 through 29.  Same weight (362.9-408.2 kg) 
heifer and steer carcasses only differed in four carcass components.  Steers had higher (P 
< 0.05) values for chuck roll, chuck tender, and tenderloin, whereas heifers had a higher 
value for trimmable fat.  The comparison of light- and heavy-weight steer carcasses 
revealed much the same differences as those for heifers versus steers.  Heavyweight 
steers had higher (P < 0.05) values for 14 of 30 carcass components.  Once more, this 
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can primarily be attributed to the increased weight of cuts as carcass weight increased.  
Analysis of lightweight versus heavy-weight heifer carcasses indicated much the same
results with heavy-weight heifer carcass components having higher values in 12 of the 
30 comparisons.
Tables 30 and 31 reinforce that carcass weights play a considerable role in 
overall carcass value than carcass composition concerning different Yield Grade 4 
carcasses as represented by forequarter, hindquarter, and total values.  Although 
differences in previous individual carcass components were prominent, when total 
carcass value was divided by carcass weight per hundred kg, differences between 
genders only proved to be statistically different (P < 0.05) as represented by total value 
per 45.36 kg in tables 32 and 33.  To further determine where the differences in value 
per 45.36 kg exist, we find that the differences occur between genders.  This difference 
is found more notably in the forequarter.  This is consistent with findings in carcass 
cutouts represented as percentages previously discussed.   
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Table 18.
Least squares means of beef rib and plate subprimal components ($) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef rib
Blade meat 
109B      5.40      5.29       6.33       7.45 0.76      6.82      7.47      7.56      7.28 0.54    0.1049
Ribeye roll
112A      59.04 j        62.83 j, k        71.18 j, k        70.66 j, k 2.88        67.6 j, k, l      74.54 j      77.29 j      78.02 j 2.03 < 0.0001
Back ribs
124          3.27 j, k       3.13 k          3.61 k, l          3.42 k, l 0.25          3.65 j, k, l       3.50 l       4.10 l       4.16 l 0.18    0.0076
Beef plate 
Inside skirt (IM)
121C      6.52       5.57      6.70      5.76 0.70       5.98      5.63      6.49      6.71 0.49 0.6747
Outside skirt (IM)
121D      3.33      4.01     4.99     4.83 0.44      4.10      4.37      4.86      5.02 0.31 0.0427
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
Table 19. 
Beef rib and plate subprimal component ($) contrasts by designated populations
Contrast Blade meat Ribeye roll Back ribs Inside skirt Outside skirt
IMPS # a 109b 112A 124 121C 121D
P > F P > F P > F P > F P > F
Heifers vs. Steers < 0.01      < 0.0001 < 0.01    n.s. c     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c    n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)  < 0.05   < 0.001     n.s. c    n.s. c < 0.01
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c     n.s. c     n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c   < 0.001 < 0.01    n.s. c < 0.05
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c     n.s. c     n.s. c    n.s. c     n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
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Table 20.
Least squares means of beef chuck and brisket subprimal components ($) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef chuck
Shoulder, top blade
114D       8.61 j        10.14 j, k        10.08 j, k        10.42 j, k 0.79        10.53 j, k       11.05 j, k     12.76 k      11.66 k 0.56 0.0041
Shoulder, arm roast
114E       15.02 j, k      13.32 j      15.6 j, k         16.81 j, k 1.51        19.13 j, k      17.07 j, k     19.17 k     19.65 k 1.07 0.0003
Shoulder tender (IM)
114F         3.99 j, k        2.54 k          3.51j, k          3.78 j, k 0.68          4.28 j, k         4.22 j, k       5.83 k         4.06 j, k 0.48 0.0084
Square cut, pectoral meat
115D      3.52      3.17      2.70       3.41 0.53      3.78     2.83     4.20     3.35 0.38 0.2344
Chuck roll
116A      25.00 j, k     24.32 j          28.97 j, k, l        25.49 j, k 1.91         30.54 j, k, l       31.49 k, l       31.82 k, l    34.88 l 1.35 0.0001
Chuck tender
116B       4.45 j       4.47 j         5.16 j, k          4.94 j, k 0.27       5.60 k         5.46 j, k      5.78 k       5.77 k 0.19 0.0001
Short ribs
130      5.61      5.17      5.23      5.19 0.48      5.95     5.24     6.41     6.13 0.34 0.1472
Beef brisket, deckle off, bnls
120      16.87 j      15.57 j        20.19 j, k        18.13 j, k 1.31        18.43 j, k       19.26 j, k       19.71 j, k     22.17 k 0.92 0.0052
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table 21.
Beef chuck and brisket subprimal component ($) contrasts by designated populations
Contrast Shoulder, Shoulder, Shoulder Square cut, Chuck Chuck Short Beef brisket,
top blade arm roast tender pectoral meat roll tender ribs deckle off, bnls
IMPS # a 114D 114E 114E 115D 116A 116B 130 120
P > F P > F P > F P > F P > F P > F P > F P > F
Heifers vs. Steers < 0.001   < 0.001 < 0.01    n.s. c   < 0.001     < 0.0001 < 0.05 < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c    n.s. c    n.s. c    n.s. c     n.s. c     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c    n.s. c    n.s. c    n.s. c     n.s. c < 0.05     n.s. c < 0.05
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c    n.s. c    n.s. c < 0.05     n.s. c     n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg) < 0.01    n.s. c    n.s. c    n.s. c     n.s. c     n.s. c < 0.05 < 0.05
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c    n.s. c    n.s. c    n.s. c < 0.05 < 0.05     n.s. c    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
Table 22.
Least squares means of beef loin subprimal components ($) stratified by sex class. weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef loin 
Strip loin, bnls (0 x 1)
180A         56.83 j, k     52.82 j       59.55 j, k, l       67.65 k, l 2.98         61.03 j, k, l        66.45 k, l        64.71 k, l     68.98 l 2.11    0.0005
Top sirloin butt, bnls
184      26.80 j     27.84 j     29.18 j, k      33.96 j, k 1.54      31.72 k       30.35 j, k     34.48 k      32.64 j, k 1.09   0.001
Bottom sirloin butt, flap, bnls
185A        11.00 j, k     10.37 j       11.50 j, k, l       12.17 j, k, l 0.73          11.78 j, k, l       10.83 j, k       14.23 k, l     13.41 l 0.52 < 0.0001
Bottom sirloin butt, ball tip, bnls
185B      5.81      6.31   7.16   7.34 1.29      6.56     7.14     7.02     8.07 0.91    0.8943
Bottom sirloin butt, tri-tip, bnls, defatted
185D     8.68 j       8.23 j    8.50 j      10.14 j, k 0.57         9.48 j, k        9.96 j, k      10.29 j, k     11.02k 0.40    0.0014
Tenderloin, full
189A       52.79 j, k      48.62 j 47.54 j      53.02 j, k 2.24       54.52 j, k       55.37 j, k     58.00 k     60.47 k 1.58    0.0001
Beef flank, flank steak (IM)
193      6.74 j        6.95 j      7.69 j, k        7.61 j, k 0.54         7.36 j, k         7.00 j, k     9.06 k       9.05 k 0.38    0.0003
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table 23.
Beef loin subprimal component ($) contrasts by designated populations
Contrast Bottom Bottom Bottom sirloin
Strip loin, Top sirloin sirloin butt, sirloin butt, butt, tri-tip, Tenderloin, Beef flank,
bnls (0 x 1) butt, bnls flap, bnls ball tip, bnls bnls, defatted full flank steak
IMPS # a 180A 184 185A 185B 185D 189A 193
P > F P > F P > F P > F P > F P > F P > F
Heifers vs. Steers   < 0.001 < 0.01 < 0.01    n.s. c < 0.001      < 0.0001 < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c    n.s. c     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)  < 0.01 < 0.01     n.s. c    n.s. c     n.s. c     n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07) < 0.05     n.s. c     n.s. c    n.s. c     n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c < 0.05     < 0.0001    n.s. c < 0.05 < 0.01     < 0.0001
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c     n.s. c     n.s. c    n.s. c    n.s. c < 0.01     n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
Table 24. 
Least squares means of round subprimal components ($) stratified by sex class. weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef round 
Knuckle (tip), peeled
167A    13.99 13.43 14.59   14.60 1.12   16.16   14.64    16.38    14.79 0.79 0.315
Top (inside)
168     31.50 j    32.58 j, k       35.38 j, k, l   37.41 1.47         36.33 j, k, l       37.37 k, l     39.33 l     39.74 l 1.04 0.0001
Outside round (flat)
171B       23.42 j, k 22.93 j       23.63 j, k, l       26.39 j, k, l 1.02         25.22 j, k, l         26.48 j, k, l    27.52 l       27.33 k, l 0.72 0.0009
Eye of round (IM)
171C      10.43 j, k   9.93 j     10.41 j, k       11.38 j, k, l 0.52         11.61 j, k, l         11.44 j, k, l      12.11 k, l     12.53 l 0.37 0.0014
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table 25.
Beef round subprimal component ($) contrasts by designated populations
Contrast Knuckle Top Outside Eye
(tip), peeled (inside) round (flat) of round
IMPS # a 167A 168 171B 171C
P > F P > F P > F P > F
Heifers vs. Steers < 0.05    < 0.0001   < 0.001    < 0.0001
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c < 0.01    n.s. c    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07) < 0.05    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c < 0.01    n.s. c    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c < 0.05    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
Table 26. 




317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Lean trim 
Special     2.29    2.88    2.36    2.92 0.38    2.80   2.76    2.81    3.30   0.27 0.465
Lean trim 
(90%)       20.42 j, k    18.70 j      22.01 j, k      21.89 j, k 1.06      22.23 j, k     21.62 j, k     24.15 k    24.24 k   0.75 0.0013
Lean trim 
(80%)   52.09 54.82   62.69 58.63 3.19   62.58 60.97   69.70   73.72   2.26 < 0.0001
Lean trim 
(50%) 19.39 16.35   22.61   21.19 1.34   20.53 21.57   23.30   22.41   0.95 0.0055
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
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Table 27 
Beef lean trim from subprimal component ($) contrasts by designated populations
Contrast Lean trim Lean trim Lean trim Lean trim
Percent Lean Special trim (90%) (80%) (50%)
P > F P > F P > F P > F
Heifers vs. Steers    n.s. c < 0.001   < 0.0001 < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c     n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c < 0.05 < 0.05 < 0.01
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c < 0.01   < 0.0001    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c
c Non significant (P > 0.05)
Table 28. 
Least squares means of bone and fat waste trim from subprimal components ($) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Bone     2.73 j     2.64 j       3.14 k, l       2.87 j, k 0.10      3.20 k, l       3.14 k, l      3.42 l      3.45 l   0.07 <0.0001
Fat   16.54 16.53 18.11 17.91 0.84 15.85 17.27 18.54 17.83   0.60 0.0708
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
44
Table 29.
Bone and waste trim ($) contrasts by designated populations
Contrast Bone Fat
P > F P > F
Heifers vs. Steers    n.s. c    n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    < 0.0001    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07) < 0.01    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c < 0.01
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg) < 0.001    n.s. c
c Non significant (P > 0.05)
Table 30.
Least squares means of beef carcass value ($) stratified by sex, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Forequarter values
Subprimal 160.65 j 159.55 j 184.24 k 180.29 k   5.06 186.41 k 192.15 k, l 206.01 l 208.88 l 3.58 <.0001
Total 235.96 j 235.47 j 272.00 k 263.55 k   6.16 271.53 k 276.87 k, l 300.07 l, m 305.99 m 4.36 <.0001
Hindquarter values
Subprimal 247.99 j, k 240.02 j 255.14 j, k, l 281.67 l, m   7.10 271.79 k, l, m 277.06 l, m 293.14 m 298.04 m 5.02 <.0001
Total 286.14 j, k 276.03 j 298.39 j, k, l    323.84 l, m, n   7.68 313.87 k, l, m 319.66 l, m, n 340.99 m, n 345.90 m 5.43 <.0001
Carcass values
Subprimals 408.64 j, k 399.57 j    439.38 k, l     461.96 m, n 10.17 458.20 m 469.20 m, n, o 499.14 n, o 506.92 o 7.19 <.0001
Total 522.10 j 511.49 j 570.39 k 587.38 k 11.71 585.40 k 596.53 k, l 641.07 l, m 651.89 m 8.28 <.0001
Within a row, means lacking a common letter (j-o) differ (P < 0.05)
b Standard error of the least squares mean
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Table 31.
Carcass value ($) contrasts by designated populations
Contrast Forequarter values Hindquarter Values Total side value
Subprimal Total Subprimal Total Subprimal Total 
values value values value values value
P > F P > F P > F P > F P > F P > F
Heifers vs. Steers    < 0.0001    < 0.0001    < 0.0001    < 0.0001    < 0.0001     < 0.0001
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     < 0.0001    < 0.0001 < 0.01 < 0.001    < 0.0001    < 0.0001
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    < 0.0001    < 0.0001   < 0.0001    < 0.0001    < 0.0001    < 0.0001
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
c Non significant (P > 0.05)
Table 32. 
Least squares means carcass value per 45.36 kg ($) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Values / 45.36 kg
Forequarter 117.80 j 119.91 j, k 119.20 j, k 121.35 j, k   1.46 122.59 j, k 123.30 j, k 123.01 j, k 124.66 k 1.03 0.0050
Hindquarter 163.59 161.65 156.11 165.29   3.08 163.40 162.58 159.89 162.25 2.17 0.4910
Carcass 139.14 139.22 135.92 142.12   1.73 141.54 141.60 140.19 142.12 1.22 0.1155
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
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Table 33.
Beef carcass value per 45.36 kg ($) contrasts by designated populations
Contrast Values / 45.36 kg
Forequarter Values Hindquarter value Side value
/ 45.36 kg / 45.36 kg / 45.36 kg
P > F P > F P > F
Heifers vs. Steers < 0.0001     n.s. c < 0.05
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c     n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c     n.s. c < 0.01
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg) < 0.05     n.s. c     n.s. c
b Standard error of the least squares mean
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Reported in tables 34-45 are carcass characteristics means grouped by different 
yield grade carcasses.  Table 35, intermuscular fat contrasts showed that the heifer 
population maintained a significantly (P > 0.05) higher percent of intermuscular fat 
specifically in the forequarter than did the steer population.  This gives a basis for the 
differences previously found in the value differences coupled with carcass conformation 
differences previously found.  Table 37 shows the percentage of subcutaneous fat to be 
significantly (P > 0.01) higher in the heifer population and continuing difference found 
in forequarters (P > 0.01) as well as in the hindquarter (P > 0.05).  This suggests that not 
only is there a difference in intermuscular but there is also a difference in subcutaneous 
fat deposition between genders.  
In addition, table 39 suggests a significant (P > 0.05) difference in perinephric fat 
deposition between sex-classes.  Within equivalent weight ranges there continues to be a 
significant (P > 0.05) difference in perinephric fat deposition.  This proposes a 
continuing biological difference found between steers and heifers, which may be a basis 
for value difference.  Table 41 represents carcass fat (subcutaneous and intermuscular) as 
a percentage of side weight without the influence of kidney, pelvic, and heart fat.  The 
data suggests a significant difference (P > 0.001) in carcass fat, heifers having the higher 
percentage.  More specifically, this implies that heifer carcasses maintain a significantly 
(P > 0.001) higher percent of fat deposition in the carcass forequarter.  This is most 
significant (P > 0.05) influence on total fat deposition within carcasses of an equivalent 
range.  
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Tables 42-43 represent carcass bone characteristics found between sex-classes.  
The differences found in percentage bone were constant through the forequarter, 
hindquarter, and the whole carcass.  However, within the same weight range, the heifer 
population showed to incorporate a significantly (P > 0.05) lower percentage of bone 
than did the steer population.  This suggests that in unison with differences in fat 
deposition, additional biological differences between heifer and steer populations are 
driven by differences in bone deposition, more specifically in the carcass forequarter. 
Tables 44 – 45 illustrate differences found in percent total red meat yield 
between heifer and steer population with a significance level of (P > 0.01).  More 
specifically the driver of this difference was found in the forequarter with the heifer 
population producing significantly (P > 0.05) less percent red meat yield than the steer 
population.  This finding is consistent with the previous findings of heifers maintaining a 
higher percentage of fat deposition, particularly in the forequarter.  However, it is 
interesting to note that within the same weight range no significant differences were 
found.  This brings up the question of, “Even though heifers tend to deposit more fat 
than steers, does the addition amount of bone deposited by steers compensate this when 
considering the amount of red meat yield produced?”
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Table 34.
Least squares means of intermuscular fat characteristics (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
Intermuscular 362.9–408.2 362.9–408.2 408.2–453.6 408.2–453.6 317.5–362.9 317.5–362.9 362.9–408.2 362.9–408.2
Fat (< 20.07) (> 20.07) (< 20.07) (> 20.07) SEM a (< 21.76) (> 21.76) (< 21.76) (> 21.76) SEM a P > F
Forequarter 4.48 4.87 5.20 4.19 0.49 3.85 4.18 4.47 3.66 0.34 0.1904
Hindquarter 3.26 3.14 3.26 3.05 0.49 3.20 3.78 3.50 3.66 0.35 0.8680
Total 7.74 8.01 8.47 7.24 0.80 7.05 7.96 7.97 7.32 0.57 0.8234
Within a column, means lacking a common letter (j-k) differ (P < 0.05)
a Standard error of the least squares mean
Table 35 
Intermuscular fat contrasts by designated populations
Intermuscular Fat
Contrast Forequarter Hindquarter Total
P > F P > F P > F
Heifers vs. Steers < 0.05     n.s. c     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c     n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c     n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c     n.s. c     n.s. c
c Non significant (P > 0.05)
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Table 36
Least squares means of subcutaneous fat characteristics (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
Subcutaneous 362.9–408.2 362.9–408.2 408.2–453.6 408.2–453.6 317.5–362.9 317.5–362.9 362.9–408.2 362.9–408.2
Fat (< 20.07) (> 20.07) (< 20.07) (> 20.07) SEM a (< 21.76) (> 21.76) (< 21.76) (> 21.76) SEM a P > F
Forequarter 3.89 3.38 2.98 3.60 0.33 2.88 3.18 2.78 2.87 0.24 0.1164
Hindquarter 6.02 5.74 5.41 5.54 0.48 5.33 4.96 5.01 5.06 0.34 0.6043
Total 9.91 9.12 8.40 9.14 0.63 8.22 8.14 7.79 7.94 0.45 0.1325
Within a column, means lacking a common letter (j-k) differ (P < 0.05)
a Standard error of the least squares mean
Table 37 
Subcutaneous fat contrasts by designated populations
Subcutaneous Fat
Contrast Forequarter Hindquarter Total
P > F P > F P > F
Heifers vs. Steers < 0.01 < 0.05 < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c     n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c     n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c     n.s. c     n.s. c
c Non significant (P > 0.05)
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Table 38.
Least squares means of kidney, pelvic, and heart fat characteristics (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
362.9–408.2 362.9–408.2 408.2–453.6 408.2–453.6 317.5–362.9 317.5–362.9 362.9–408.2 362.9–408.2
(< 20.07) (> 20.07) (< 20.07) (> 20.07) SEM a (< 21.76) (> 21.76) (< 21.76) (> 21.76) SEM a P > F
Kidney, pelvic, 
heart fat 3.73 4.70 4.15 4.72 0.49 3.32 3.83 3.96 3.61 0.34 0.2369
Within a column, means lacking a common letter (j-k) differ (P < 0.05)
a Standard error of the least squares mean
Table 39 





Heifers vs. Steers < 0.05
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg) < 0.05
c Non significant (P > 0.05)
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Table 40.
Least squares means of carcass fat characteristics (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
362.9–408.2 362.9–408.2 408.2–453.6 408.2–453.6 317.5–362.9 317.5–362.9 362.9–408.2 362.9–408.2
(< 20.07) (> 20.07) (< 20.07) (> 20.07) SEM a (< 21.76) (> 21.76) (< 21.76) (> 21.76) SEM a P > F
Total Fat
Forequarter Fat   8.37   8.25   8.19   7.79 0.48   6.73   7.36   7.25   6.53 0.34 0.0109
Hindquarter Fat   9.28   8.88   8.68   8.58 0.59   8.53   8.74   8.51   8.73 0.42 0.9818
Carcass Fat 21.39 21.84 21.01 21.10 0.89 18.59 19.93 19.72 18.88 0.63 0.0246
Within a column, means lacking a common letter (j-k) differ (P < 0.05)
a Standard error of the least squares mean
Table 41. 
Carcass fat (%) contrasts by designated populations
Combination Side Fat 
Contrast Forequarter Hindquarter Total
P > F P > F P > F
Heifers vs. Steers < 0.001     n.s. c < 0.001
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c     n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c     n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg) < 0.05     n.s. c < 0.05
c Non significant (P > 0.05)
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Table 42. 
Least squares means of carcass bone characteristics (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
362.9–408.2 362.9–408.2 408.2–453.6 408.2–453.6 317.5–362.9 317.5–362.9 362.9–408.2 362.9–408.2
(< 20.07) (> 20.07) (< 20.07) (> 20.07) SEM a (< 21.76) (> 21.76) (< 21.76) (> 21.76) SEM a P > F
Bone
Forequarter 8.68 8.33 8.40 8.24 0.20   8.25   8.03   8.29   7.69 0.28 0.2294
Hindquarter 6.40 6.20 6.18 6.44 0.16   5.95   5.98   6.26   5.88 0.23 0.3543
Total        15.09        14.53        14.57        14.69 0.32 14.20 14.01 14.55 13.57 0.45 0.2377
Within a column, means lacking a common letter (j-k) differ (P < 0.05)
a Standard error of the least squares mean
Table 43. 
Carcass bone (%) contrasts by designated populations
Bone
Contrast Forequarter Hindquarter Total
P > F P > F P > F
Heifers vs. Steers < 0.05 < 0.05 < 0.05
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c     n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c     n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c     n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg) < 0.05     n.s. c     n.s. c
c Non significant (P > 0.05)
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Table 44. 
Least squares means of carcass red meat yield (%) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
362.9–408.2 362.9–408.2 408.2–453.6 408.2–453.6 317.5–362.9 317.5–362.9 362.9–408.2 362.9–408.2
(< 20.07) (> 20.07) (< 20.07) (> 20.07) SEM a (< 21.76) (> 21.76) (< 21.76) (> 21.76) SEM a P > F
Red Meat Yield
Forequarter       37.92       37.47       37.50       38.43 0.43 36.48 36.21 37.52 36.28 0.61 0.0353
Hindquarter       29.05 j, k       28.64 j, k       28.92 j       28.81 k 0.37     28.47 j, k     28.37 j, k     27.44 j, k     29.65 j, k 0.53 0.1762
Total       66.00       65.22       65.35       66.16 0.59 64.03 63.56 64.09 65.03 0.84 0.1236
Within a column, means lacking a common letter (j-k) differ (P < 0.05)
a Standard error of the least squares mean
Table 45 
Percent red meat yield (%) contrasts by designated populations
Red meat yield
Contrast Forequarter Hindquarter Total
P > F P > F P > F
Heifers vs. Steers < 0.01     n.s. c < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c < 0.05     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c     n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c     n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c     n.s. c     n.s. c
c Non significant (P > 0.05)
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Presented in table 46 is the simple means, standard deviations, minimum, and 
maximum assessment of carcass values separated according to sex-class.  The yield 
grade 4 side values were compiled from data based on previously obtained carcass 
values per 45.36 kg of carcass weight multiplied by side weight; while the same values 
multiplied by hot carcass weight were used to obtain carcass values.  The Weekly 
National Carlot Meat Report, choice, 600-900, carcass value was collected from the 
USDA archives for the average of 600-900, Choice, weekly cutout value summary from 
the equivalent dates as the corresponding subprimal and minor cut prices used for yield 
grade 4 price allocation.  This data is used as a rough estimate for the comparison for the 
compiled Yield Grade 4 carcass data. The Weekly National Carlot Meat Report, choice, 
600-900, carcass value with $13.46 discount is the same rough estimate used including 
the National average discounts applied for Yield Grade 4 carcasses. 
Table 47 represents the simple means, standard deviations, minimum, and 
maximum assessment of differences found between carcass values separated according 
to sex-class.  The data suggests that within the heifer population the average discount 
that theoretically should be applied is $9.71 per 45.36 kg of carcass weight, while steers
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Table 46.  
Simple means, standard deviations (SD), minimum and maximum values of carcass values stratified 
by gender
Carcass type   Mean   SD   Min   Max
Yield grade 4 side value Heifers   537.62   39.39   476.46   611.17
Steers   606.76   37.82   533.35   683.52
Combined   583.72   50.25   476.46   683.52
Weekly National, Carlot Report, Heifers   586.29   41.65   512.85   648.19
choice, 600-900, side value Steers   651.45   38.98   578.05   729.68
Combined   629.73   50.22   512.85   729.68
Weekly National, Carlot Report, Heifers   533.26   39.89   466.46   589.56
choice, 600-900, side value Steers   533.26   37.89 466.46   589.56
with $13.46 discount Combined   572.77   45.68   466.46   663.68
Yield grade 4 carcass value Heifers 1120.44   84.86 1000.13 1265.09
Steers 1271.08   75.25 1133.91 1439.27
Combined 1220.87 105.79 1000.13 1439.27
Weekly National, Carlot Report, Heifers 1198.78   84.15 1059.53 1318.46
choice, 600-900, carcass value Steers 1338.22   74.31 1193.46 1476.20
Combined 1291.74 101.61 1059.53 1476.20
Weekly National, Carlot Report, Heifers 1090.35   76.54   963.69 1199.20
choice, 600-900, carcass value Steers 1217.17   67.59 1085.51 1342.68
with $13.46 discount Combined 1174.90   92.42   963.69 1342.68
should be receiving a $7.45 discount per 45.36 kg, and the population as a whole should 
receive a roughly estimated $8.20 discount to compensate for the potential value lost due 
to carcass composition being that of a Yield Grade 4.  However, when a rough estimate 
discount of $13.46 per 45.36 kg is applied we find that Yield grade 4 carcasses are 
overly discounted on average of $5.26 per 45.36 kg as a whole population.  It is 
interesting to not that within the steer population they discount is over applied by a 
rough estimate of $6.01 while heifers is overly discounted by a rough estimate of only 
$3.75.  This finding is consistent with previous findings with value and compositional 
differences found between heifer and steer populations.  The remaining data represented 
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in table 47 shows how the application of the overly compensated discounts when applied 
to carcass sides and whole carcasses is substantial and how it will impact values lost in 
the industry.    
Tables 48 and 49 present the least squares means and contrasts of differences 
found in beef carcass value per 45.36 kg between the estimated Weekly National Carlot 
Meat Report, choice, 600-900, carcass values and the Weekly National Carlot Meat 
Report, choice, 600-900, carcass value with $13.46 discount applied.  Specifically, in 
table 48, shows a significant (P > 0.05) difference with contrasts between sex-class.  
This implies that Yield Grade 4 steer carcasses are excessively discounted when 
compared to heifer carcasses.  It is interesting to note how the value differences vary 
concerning carcasses within the same weight group.  The carcass type most consistent 
with the current applied discounts is for a lighter muscled 362.9 – 408.2 kg carcass.  On 
the other hand, the most non-deserving kind is a heavy muscled, 408.2 – 453.6 kg steer 
carcasses.    
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Table 47.  
Simple means, standard deviations (SD), minimum and maximum values of differences in values 
stratified by gender
Carcass type Mean SD Min Max
Difference in beef carcass value per 100 kg between:
Weekly National Carlot Report Heifers   9.71   4.35      4.29 19.13
and yield grade 4 Steers   7.45   3.71     -0.70 18.02
Combined   8.20   4.04     -0.70 19.13
Weekly National Carlot Report Heifers -3.75   4.35     -9.17   5.67
with $13.46 discount, Steers -6.01   3.71   -14.16   4.56
and yield grade 4 Combined -5.26   4.04   -14.16   5.67
Difference in beef carcass side value between:
Weekly National Carlot Report Heifers   38.45 18.33    15.31 81.50
and yield grade 4 Steers   32.73 16.35    -2.82 76.58
Combined   34.63 17.09     -2.82 81.50
Weekly National Carlot Report Heifers -14.58 17.55   -36.49 24.16
with $13.46 discount, Steers -26.20 15.85   -57.24 18.98
and yield grade 4 Combined -22.32 17.20   -57.24 24.16
Difference in beef carcass value between:
Weekly National Carlot Report Heifers 78.34 36.80    32.30 165.31
and yield grade 4 Steers 67.13 33.75     -6.04 161.45
Combined 70.87 34.89     -6.04 165.31
Weekly National Carlot Report Heifers -30.09 36.07   -75.59   49.01
with $13.46 discount, Steers -53.91 33.07 -122.33   39.57
and yield grade 4 Combined -45.97 35.64 -122.33   49.01
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Table 48.
Least squares means of differences in beef carcass value per 45.36 kg ($) stratified by sex, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Difference in beef carcass value per 100 kg between:
Weekly National Carlot Report
and yield grade 4   9.67   9.59 12.88   6.68 1.73   7.27   7.21   8.62   6.69 1.22 0.1154
Weekly National Carlot Report with $13.46 discount, 
and yield grade 4 -3.79 -3.86 -0.57 -6.77 1.73 -6.19 -6.25 -4.84 -6.77 1.22 0.1155
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
Table 49.
Beef carcass value per 45.36 kg ($) contrasts by designated populations
Contrast Difference between yield grade 4 carcass value per 100 kg:
Weekly National Carlot 
Report value per 45.36 kg
Weekly National Carlot 
Report value per 45.36 kg
with $13.46 discount
P > F P > F
Heifers vs. Steers < 0.05 < 0.05
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c     n.s. c
c Non significant (P > 0.05)
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Correlation Coefficients
Measurements taken during carcass selection included preliminary yield grade; 
adjusted preliminary yield grade; ribeye area; percentage of kidney, pelvic, and heart fat; 
warm carcass weight; final yield grade; marbling score; ribeye area to hot carcass weight 
ratio, as well as hump height. 
Within the USDA Yield Grade 4 carcasses examined in this study, USDA Yield 
Grade and the four factors used in the USDA Yield Grade equation had low and non-
significant (P > 0.05) correlations with final carcass value per 45.36 kg as reported in 
table 50, with the exception of ribeye area (r = 0.28775; P < 0.05), which was still a low 
but significant correlation.  This indicates that the majority of these variables may not 
possess value when segmenting carcasses according to final carcass value per 45.36 kg, 
based on the cutting tests done in this study.  Furthermore, marbling number (r = -
0.30743; P < 0.05), was to some extent, negatively correlated.  However, within the 
USDA Yield Grade 4 carcasses segregated by gender, within the heifers preliminary 
yield grade (r = 0.48632; P < 0.05), ribeye area to hot carcass weight ratio (r = 0.47365; 




Pearson correlation coefficients for carcass value per 45.36 kg between yield grade factors overall and by sex class
Carcass
value / 45.36 
kg
$
Hot carcass weight, kg





Heifers    0.50*
Steers 0.13
Longissimus muscle area, 12th rib, cm2




























All animals   -0.31*
Heifers   -0.49*
Steers -0.15
Adjusted preliminary yield grade
All animals 0.19
Heifers   0.50*
Steers 0.13
*     P < 0.05
**   P < 0.01
*** P < 0.001
a Ribeye area (cm2) and hot carcass weight kg ratio.
b Bodywall thickness measured 12.7 cm from the vertebra at the 12th rib.
c Distance from the line to the top of the lean muscle (excluding the external layer of fat),measured perpendicular to   
  the extension of the top-line at the peak of the hump laid at the top of the shoulders.
d Marbling score:  300 to 399 = Slight;  400 to 499 = small;  500 to 599 = Modest.
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Table 51 shows a breakdown of how different fat percentages are correlated to 
carcass value per 45.36 kg.  All measures of carcass end values are primarily influenced 
by weight increments therefore the correlation coefficients between all end values were 
reported as percentages.  Percentage of forequarter subcutaneous fat (r = -0.09109; P < 
0.4888), percent hindquarter subcutaneous fat (r = -0.04638; P < 0.7249) and percent 
total subcutaneous fat (r = -0.08224; P < 0.5322) had a low and non-significant 
correlation to carcass value per 45.36 kg.  In spite of this, percent forequarter seam fat (r 
= -0.25810; P < 0.05), percent hindquarter seam fat (r = -0.43039; P < 0.0006) and 
percent seam fat (r = -0.47159; P < 0.0001) had up to a moderate and significant (P < 
0.05) simple correlation with final carcass value per 45.36 kg.  This is consistent with 
the findings of Jones et al. (1990) whose studies presented that intermuscular fat tended 
to be greater in carcasses from heifers than steers; as amounts of intermuscular fat 
increased as USDA yield grade and marbling score increased.  When grouping fats by 
quarters we find percent forequarter fat (r = -0.22900; P < 0.0784), and percent 
hindquarter fat (r = -0.40334; P < 0.0014) while percent total fat (r = -0.53993; P < 
0.0001) correlation with carcass value per 45.36 kg.  This may indicate that 
intermuscular fat is a bigger driver in the resulting final carcass value per 45.36 kg than 
the other fat depots when examined within USDA Yield Grade 4 carcasses.  
Furthermore, the percentage of total fat consisting of subcutaneous and intermuscular fat 
from the forequarter and hindquarter proved to be the highest negative correlation in 
relation to carcass value per 45.36 kg.  With regards to percent to fat and percent red 
meat yield (r = -0.88359; P < 0.0001) are significantly, highly correlated for the entire 
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population, further separating the population by gender we find that correlations are all 
significantly, highly correlated heifers (r = -0.84063; P < 0.0001), and steers (r = -
0.87708; P < 0.0001).  This is most likely due too, as fat increases the amount of red 
meat yield decreases, in turn decreasing carcass value per 45.36 kg.  Estimates of 
correlation and regression coefficients are affected by the variation in the data upon 
which they are based.  This may explain some of the high correlation values reported.  
Such inflation of the correlation coefficient does not indicate any greater absolute 
precision in the estimation of whole carcass composition.  Moreover, table 52; 
correlations observed for the heifer population in regards to percent carcass bone (r = -




Pearson correlation coefficients for (%) carcass fat components and value per 45.36 kg stratified by gender
Forequarter Forequarter Hindquarter Hindquarter
seam subcutaneous Forequarter seam Subcutaneous Hindquarter Seam Subcutaneous Carcass
fat fat fat fat fat fat fat fat fat
% % % % % % % % %
Percent carcass subprimal
All animals     -0.31** -0.09   -0.26*     -0.31** -0.17     -0.41**     -0.40** -0.17       -0.50***
Heifers -0.43   0.12 -0.12 -0.35 0.01 -0.34   -0.44* 0.07 -0.37
Steers -0.13 -0.08 -0.17     -0.41** -0.17     -0.45**     -0.40** -0.18     -0.46**
Percent red meat yield
All animals     -0.40**   -0.32*
      -
0.50***   -0.31*   -0.27*       -0.49***       -0.43***     -0.36**       -0.88***
Heifers -0.15 -0.30 -0.32 -0.12 -0.22 -0.35 -0.15 -0.31       -0.84***
Steers     -0.41** -0.19     -0.47**       -0.54*** -0.18       -0.55***       -0.63*** -0.24       -0.88***
Carcass value / 45.36 kg
All animals   -0.26* -0.09 -0.23       -0.43*** -0.05     -0.40**       -0.47*** -0.08       -0.54***
Heifers -0.12   0.00 -0.06 -0.24 0.09 -0.15 -0.24 0.06 -0.40
Steers -0.23 -0.01 -0.18       -0.65*** -0.01       -0.52***       -0.65*** -0.02       -0.54***
*     P < 0.05
**   P < 0.01
*** P < 0.001
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Table 52. 





All animals -0.00 -0.03 -0.02
Heifers -0.23 -0.31 -0.28
Steers 0.01 -0.02 -0.00
Percent red meat yield
All animals -0.00 -0.02 -0.01
Heifers -0.10 -0.27 -0.18
Steers -0.11 -0.06 -0.10
Carcass value / 45.36 kg
All animals -0.23 -0.15 -0.22
Heifers -0.41 -0.43   -0.44*
Steers -0.27 -0.14 -0.24
*     P < 0.05
**   P < 0.01
*** P < 0.001
Prediction Equation Analysis
Prediction equations should be used that have been derived from populations that 
are representative of the carcasses being marketed within given specifications.  The 
selection criteria for the most desirable method of estimating carcass composition should 
include (1) the difficulty and cost of taking the measurements, (2) the proven accuracy of 
the method and (3) the reliability of a measurement when used in a prediction equation 
to estimate composition of carcasses that differ in breed and sex (Hedrick, 1983).
The objective in selecting a prediction equation was to select an equation that 
would maximize R-square, which is the proportion of the total, corrected sums of 
squares of the dependent variable accounted for in the equation, thus accounting or a 
greater percentage of the total variation than other models yielding a smaller R-square 
value calculated from the same data set.  For the purpose of this study the focus is on 
carcass value per 45.36 kg.  Independent variables identified to be used in the regression 
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models were fat thickness, preliminary yield grade, ribeye area, kidney, pelvic, and heart 
fat, percent, warm carcass weight, marbling score, hump height, and bodywall thickness.  
These variables were established to account for as much of the variation as possible 
resulting from sex class (steers vs. heifers), carcass weights, and ribeye area per 100 kg
ratio interaction.  All predicted values were calculated from regression equations using 
the same number of independent variables in order to standardize the analysis, and to 
utilize only easily obtainable measurements, as they would be applicable to the industry.   
This method of analysis, furthermore, will allow for the maximization of R-square to 
warrant minimizing the residual variance and influencing the standard error of the 
estimate.  In addition to recording regression equations for the dependent variable, the R-
square and the residual standard deviations are reported for each equation in order to 
explain the amount of variation in the dependent variable being explained by the model, 
and to describe how well the actual and observed values correspond.  Additionally, 
Mallows (Cp) statistic was used when selecting the equation of best fit due to its’ power 
in recognizing the relative involvement with the squared true error and the squared lack 
of fit associated with selecting independent variables or models.
Stepwise regression was used to specify the significance of variables to a model 
when estimating the carcass value per 45.36 kg from the population of carcasses and 
subpopulations divided by gender.  Variables used included those regularly obtained 
from carcasses following twenty four hours post harvest which included: actual fat 
thickness, warm carcass weight, ribeye area, percentage of kidney, pelvic and heart fat, 
marbling score, hump height as well as body wall thickness.  
67
When analyzing table 53, the complete population of USDA Yield Grade 4 
carcasses ribeye area increased R-square and decreased the residual mean square error 
(RMSE) in model than when only marbling number.  Although the R-square does not 
explain vary much of the variation in the model used when adding more variables it does 
not increase the value of R-square.  However, with the heifer population coupled with 
the addition of the variables warm carcass weight, adjusted preliminary yield grade, 
marbling number, and body wall thickness, R-square is maximized and a minimized root 
mean square error, explaining approximately 58% of the variation in the equation.  From 
the information available in table 54, it appears carcass value per 45.36 kg can be most 
appropriately predicted from model 4.  Regrettably, when selecting a prediction equation 
for the steer population in table 55, we see a severe decline in R-square values (r2 = 0.11) 
when selecting the model containing variables warm carcass weight, ribeye area, 
preliminary yield grade, and marbling number.  The estimates of correlation and 
regression coefficients reported may be affected by the variation in the data upon which 
they are based.  Thus, a given technique is likely to show a higher correlation as the 
carcasses or animals being examined become more variable.  This may explain some of 
the high correlation values reported.  However, such inflation of the correlation 
coefficients may not indicate any greater absolute precision in the estimation.
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Table 56 reports the applied prediction equations for the entire population along 
with the equations taking into account sex class differences.  The applied equations are 
as follows:
Entire population predicted carcass value per 45.36 kg
= 140.3530 + (0.1411 * Longissimus muscle area, cm2) 
- (0.0250 * Marbling number)
Heifer population predicted carcass value per 45.36 kg
= 161.2304  - (0.0522 * warm carcass weight) 
+ (5.1418 * fat thickness)
- (0.0553 * marbling number)
+ (1.7606 * bodywall thickness)
Steer population predicted carcass value per 45.36 kg
= 154.2442 - (0.0350 * warm carcass weight) 
+ (0.1563 * fat thickness)
- (1.4702 * preliminary yield grade)
- (0.0122 * marbling number)
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Table 53. 
Models to predict carcass value per 45.36 kg as listed by stepwise analysis for entire population
Entire Population
Models Independent Variables R-Square Cp RMSE
1 Marbling number 0.09 2.00 3.88
2 Ribeye area, Marbling number 0.18 -1.22 3.73
3 Ribeye area, Internal fat percent, Marbling number 0.18 0.63 3.76
4 Warm carcass weight, Ribeye area, Hump Height, Marbling number 0.18 2.44 3.79
5 Warm carcass weight, Ribeye area, Internal fat percent, Hump Height, Marbling number 0.18 4.21 3.81
6 Warm carcass weight, Ribeye area, Internal fat percent, Hump Height, Marbling number, Bodywall 0.19 6.02 3.84
7 Warm carcass weight, Ribeye area, Adjusted preliminary yield grade, Internal fat percent, Hump Height, Marbling number, Bodywall 0.19 8.00 3.88
Table 54. 
Models to predict carcass value per 45.36 kg as listed by stepwise analysis for heifer population
Heifer Population
Models Independent Variables R-Square Cp RMSE
1 Adjusted preliminary yield grade 0.25 5.91 3.86
2 Adjusted preliminary yield grade, Marbling number 0.46 1.87 3.38
3 Adjusted preliminary yield grade, Marbling number, Bodywall 0.51 2.34 3.31
4 Warm carcass weight, Adjusted preliminary yield grade, Marbling number, Bodywall 0.58 2.30 3.16
5 Warm carcass weight, Ribeye area, Adjusted preliminary yield grade, Marbling number, Bodywall 0.59 4.08 3.25
6 Warm carcass weight, Ribeye area, Marbling number, Bodywall, Internal fat percent 0.59 6.03 3.36
7 Warm carcass weight, Ribeye area, Adjusted preliminary yield grade, Hump height, Marbling number, Bodywall, Internal fat percent 0.59 8.00 3.49
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Table 55. 
Models to predict carcass value per 45.36 kg as listed by stepwise analysis for steer population
Steer Data
Models Independent Variables R-Square Cp RMSE
1 Ribeye area 0.03 -0.66 3.70
2 Warm carcass weight, Ribeye area 0.07 -0.04 3.68
3 Warm carcass weight, Ribeye area, Marbling number 0.09 1.17 3.69
4 Warm carcass weight, Ribeye area, Preliminary yield grade, Marbling number 0.11 2.49 3.70
5 Warm carcass weight, Ribeye area, Preliminary yield grade, Marbling number, Bodywall 0.12 4.09 3.73
6 Warm carcass weight, Ribeye area, Preliminary yield grade, Hump height, Marbling number, Bodywall 0.12 6.02 3.78
7 Warm carcass weight, Actual fat thickness, Ribeye area, Preliminary yield grade, Hump height, Marbling number, Bodywall 0.12 8.00 3.84
Table 56. 
Prediction equations generated to predict carcass value per 45.36 kg stratified by sex class
Carcass Value / 45.36 kg
Warm Adjusted Longissimus Preliminary Residual
carcass preliminary muscle area, yield Marbling Bodywall standard
Intercept weight, kg yield grade cm2 grade number thickness R2 deviation
All Data 140.3530 0.1411 -0.0250 0.18 1.93
Heifer Data 150.7823 -0.0522 5.2240 -0.0553 1.7606 0.58 1.78
Steer Data 154.2442 -0.0350 0.1563 -1.4702 -0.0122 0.11 1.92
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Verification
Table 57 reports the average of differences between the predicted and actual 
values for carcass value per 45.36 kg.  The overall population and heifer prediction 
equations were the more accurate without surprise.  This can be justified by the R-square 
values reported in tables 49 - 51.  
When prediction equations are applied to different populations, their accuracy 
may be reduced due to differences in deposition of fat or muscle due to breed 
(Butterfield, 1965; Abraham et al., 1968; Kempster and Evans, 1981), sex of animal 
(Carpenter et al., 1969) different populations (Abraham et al., 1980, Hedrick et al., 
1983).  The recommended approach for use of a prediction equation to estimated carcass 
composition is to compare the intended accuracy of the equation on the population of 
carcasses being evaluated and when changes occur in characteristics of animals and 
carcasses due to production and management practices, revise the prediction equation to 
more accurately estimate composition (Hedrick, 1983).
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Table 57. 
Average differences between actual variable and predicted variables for carcasses stratified sex class
Average differences (predicted minus actual)
Whole population Heifers Steers
Dependent variables Mean S.D. Min. Max. Mean S.D. Min. Max. Mean S.D. Min. Max.
Value/45.36 kg -2.68 3.66 -13.71 5.84 -2.64 2.71 -6.10 2.96 9.80 3.84 -1.74 16.39
USDA yield grade -0.27 1.29 -2.85 2.85 -0.02 1.52 -2.76 2.85 -0.33 1.39 -2.85 2.85
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CHAPTER V
SUMMARY AND CONCLUSIONS 
The National Beef Quality Audit – 2005 found that Yield Grade 4 carcasses were 
in the top ten problems facing the beef industry today.  There were 9.5% of the steer and 
heifer carcasses in the survey that were graded as Yield Grade 4 carcasses, and the 
discounts applied to these carcasses in the marketplace place a substantial burden on the 
beef industry.  A study to investigate the yields and value of Yield Grade 4 carcasses 
was undertaken. The priority of this research was to asses the conformational and value 
differences within USDA Yield Grade 4 carcasses.  Data presented in this study showed 
that within yield grade 4 carcasses, there are both conformational and value differences 
associated with different types of yield grade 4’s, particularly when sex-class is 
considered due to the biological differences associated with fat and muscle deposition 
between genders. As expected, carcasses from heifers had more trimmable fat than 
carcasses than steers, and carcasses from steers had higher yields of certain cuts from the 
chuck and in bone differences than did carcasses from heifers.   In this demonstration, 
applied discounts out-weighted the value differences found in cutout values.
This study is the most exhaustive to be conducted on Yield Grade 4 carcasses in 
recent time, and unfortunately, there were no clear relationships in carcass traits that 
could be used to more accurately sort value differences in Yield Grade 4 carcasses other 
than differences between steer and heifer carcasses.  However, the present data suggest a 
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need to establish a prediction equation that predicts carcass value in addition to the 
current Yield Grade equation and its proven ability to predict the percent of boneless, 
closely trimmed retail cuts from the round, loin, rib, and chuck.  In general, there are 
conformational differences within the overall yield grade population.  These findings 
imply discounts associated with yield grade 4 carcasses may be due to the preconceived 
bias established with different cattle types used in establishing the original yield grade 
prediction equation.  
In conclusion, further research is needed incorporating all yield grade carcass 
types.  Standard carcass fabrication styles and fat trim levels consistent with industry are 
needed to further assign current subprimal and minor cut prices.  Additional premium 
and discount prices are needed for a current industry representation to obtain if 
premiums and discounts are being applied according to potential profits or losses 
incurred because of cutability differences found between the different yield grades.  
75
LITERATURE CITED
Abraham, H. C., Z. L. Carpenter, G. T. King and O. D. Butler. 1968. Relationships of 
carcass weight, conformation and carcass measurements in predicting beef 
carcass cutability. J. Anim. Sci. 27:604-610.
Abraham, H.C., C. E. Murphey, H. R. Cross, G. C. Smith, and W. J. Franks, Jr. 1980. 
Factors affecting beef carcass cutability: An evaluation of the USDA yield grades 
for beef. J. Anim. Sci. 50:841-851
AMSA, 2001. Meat evaluation handbook. American Meat Science Association. Savoy, 
IL.
Birkett, R. J., D. L. Good, and D.L. Mackintosh. 1965. Relationships of various linear 
measurements and percent yield of trimmed cuts of beef carcasses. J. Anim. Sci. 
24:16-20.
Butterfield, R. M. 1965. The relationship of carcass measurements and dissection data to 
beef carcass composition. Res. Vet. Sci. 6:24-32.
Carpenter, Z. L., G. T. King, Maurice Shelton, and O. D. Butler. 1969. Indices for 
estimating cutability of wether, ram and ewe lamb carcasses. J. Anim. Sci. 
28:180-186.
Cole, J. W., C. B. Ramsey and R. H. Epley. 1962. Simplified method for predicting 
pounds of lean in beef carcasses. J. Anim. Sci. 21:355-361.
Cross, H. R., Z. L. Carpenter, and G. C. Smith. 1973. Equations for estimating boneless 
retail cut yields from beef carcasses. J. Anim. Sci. 37:1267-1272. 
Crouse, J.D., M.E. Dikeman, R.M. Kock, and C. E. Murphey. 1975. Evaluation of traits 
in the USDA yield grade equation for predicting beef carcass cutability in breed 
groups differing in growth and fattening characteristics. J. Anim. Sci. 41:548-
553.
Crouse, J. D., and M. E. Dikeman. 1976. Determinates of retail product of carcass beef. 
J. Anim. Sci. 42:584-591.
Dikeman, M.E., L.V. Cundiff, K.E. Gregory, K.E. Kemp, and R.M. Koch.  1998.  
Relative contributions of subcutaneous and intermuscular fat to yields and 
predictability of retail product, fat trim, and bone in beef carcasses. J. Anim. Sci. 
76:1604-1612.
76
Dinkel, C. A., L. L. Wilson, H. J. Tuma and J. A. Minyard. 1965. Ratios and percents as 
measures of carcass traits. J. Anim. Sci. 24:425-329.
Garrett, W. N., W. C. Rollins, M. Tanaka and N. Hinman. 1971. Empty body and 
carcass composition of cattle. Proc. Western Section Amer. Soc. Anim. Sci. 
22:273-278.
Griffin, D. B., J. W. Savell, J. B. Morgan, R. P. Garrett and, H. R. Cross. 1992. 
Estimates of subprimal yields from beef carcasses as affected by USDA grades, 
subcutaneous fat trim level, and carcass sex class and type. J. Anim. Sci. 70: 
2411-2430.
Hankins, O.G., and P. E. Howe. 1946. Estimation of the composition of beef carcasses 
and cuts. USDA Tech. Bull. 926. Washington, DC. 
Hedrick, H. B. 1983. Methods of estimating live animal and carcass composition
J. Anim. Sci. 57:1316-1327. 
Hedrick, H. B., J. A. Paterson, A. G. Matches, J. D. Thomas, R. E. Morrow, W. G. 
Stringer, and R. J. Lipsey. 1983. Carcass and palatability characteristics of beef 
produced on pasture, corn silage and corn grain. J. Anim. Sci. 57: 791-801.
Jones, D. K., J. W. Savell, and H.R. Cross.  1990. The influence of sex-class, USDA 
yield grade on seam fat trim from the primals of beef carcasses. J. Anim. Sci. 68: 
1987-1991.
Kempster, A. J. and D. G. Evans. 1981. The value of shape as a predictor of carcass 
composition in pigs from different breeding companies. Animal Production 33, 
313-318.
Kauffman, R.G., M. E. Van Ess, R. A. Long, and D. M. Schaefer. 1975. Marbling: Its 
use in predicting beef carcass composition. J. Anim. Sci. 40:235-241.
Koch, R. M., Dikeman, M. E., Allen, D. M., May, M., Crouse, J. D., and Campion, D. R. 
(1976). Characterization of biological types of cattle III. Carcass composition, 
quality, and palatability. J. Anim. Sci. 43:48-62.
Lawes J. B., J. H. Gilbert. 1859. Experimental inquiry into the composition of some of 
the animals fed and slaughtered as human food. Philosophical Transactions of the 
Royal Society of London - Part II; p. 494–680.
Lotka, A. J. 1925. Elements of physical biology. Page 132-139 in Analysis of growth 
function. Williams and Wilkins Co., Baltimore, Md.
77
Murphey, C.E., D.K. Hallet, W. E. Tyler and J. C. Pierce. 1960. Estimating yields of 
retail cuts from beef carcasses. Livestock Division. Agriculture Marketing 
Service. (Presented to American Society of Animal Production. Nov. 1960).
NCBA. 2006. Staying on track: Executive summary of the 2005 National Beef Quality 
Audit.  National Cattlemen’s Beef Association, Centennial, Co.
Powell, W. E., and D. L. Huffman. 1973. Predicting chemical composition of beef 
carcasses from easily obtainable carcass variables. J. Anim. Sci. 36:1069-1076.
Stiffler, D. M., C. L. Griffin, C. E. Murphey, G. C. Smith, and J. W. Savell. 1985. 
Characterization of cutability and palatability attributes among different slaughter 
groups of beef cattle. Meat Sci. 13:167-183.
Trowbridge, P. F., C. R. Moulton and L. D. Haigh. 1919. Composition of the beef animal 
and energy cost of fattening. Missouri Agr. Exp. Sta. Res. Bull. 30.
Tyler, W. E., D. K. Hallett, C. E. Murphey, K. E. Hoke, and B. C. Breidenstein. 1964. 
Effects of variation in conformation on cutability and palatability of beef. J. 
Anim. Sci. 23:864. (Abstr.)
USDA. 1997. Official United States standards for grades of carcass beef. Agriculture 
Marketing Service, United States Department of Agriculture, Washington, DC.
USDA. 2008a. Annual meat trade review. Livestock and Grain Market News Service, 
United States Department of Agriculture, Des Moines, Iowa. 
Supplemental Sources Consulted
Boleman, S. L., S. J. Boleman, W. W. Morgan, D. S. Hale, D. B. Griffin, J. W. Savell, 
R. P. Ames, M. T. Smith, J. D. Tatum, T. G. Field, G. C. Smith, B. A. Gardner, J. 
B. Morgan, S. L. Northcutt, H. G. Dolezal, D. R. Gill, and F. K. Ray.  1998. 
National Beef Quality Audit-1995:  Survey of producer-related defects and 
carcass quality and quantity attributes. J. Anim. Sci. 76:96-103.
Brungardt, V.H. and R.W. Bray. 1963a. Estimate of retail yield of the four major cuts in 
the beef carcass. J. Anim. Sci. 22:177-182.
Brungardt, V. H., and R. W. Bray. 1963b. Variation between sides in the beef carcass 
for certain wholesale and retail yields and linear carcass measurements. J. Anim.
Sci. 22:746-748.
78
Bruns, K. W., R. H. Pritchard, and D. L. Boggs. 2004. The relationships among body 
weight, body composition, and intramuscular fat content in steers. J. Anim. Sci.
82: 1315-1322.
Epley, R.J., H.B. Hedrick, W.C. Stringer, and D.P. Hutcheson. 1970. Prediction of 
weight and percent retail cuts of beef using five carcass measurements. J. Anim. 
Sci. 30:872-879.
Garcia, L. G., K. L. Nicholson, T. W. Hoffman, T. E. Lawrence, D. S. Hale, D. B. 
Griffin, J. W. Savell, D. L. VanOverbeke, J. B. Morgan, K. E. Belk, T. G. Field, 
J. A. Scanga, J. D. Tatum, and G. C. Smith. 2008. National Beef Quality Audit–
2005: Survey of targeted cattle and carcass characteristics related to quality, 
quantity, and value of fed steers and heifers J. Anim. Sci. 86: 3533-3543.
Garrett, W. N., and N. Hinman. 1969. Re-Evaluation of the Relationship between 
Carcass Density and Body Composition of Beef Steers. J. Anim. Sci. 28: 1-5.
Jesse, G. W., G. B. Thompson, J. L. Clark, H. B. Hedrick, and K. G. Weimer. 1976.
Effects of ration energy and slaughter weight on composition of empty body and 
carcass gain of beef cattle. J. Anim. Sci. 43:418-425.
Koch, R. M., M. E.  Dikeman, and J. D. Crouse. 1982. Characterization of biological 
types of cattle  (Cycle 111). 111. Carcass composition, quality and palatability. 
J. Anim. Sci. 54:35-45. 
Ledger, H. P., B. Gilliver, and J. M. Robb. 1973. An examination of sample joint 
dissection and specific gravity techniques for assessing the carcass composition 
of steers slaughtered in commercial abattoirs. J. Agric. Sci. 80:381-392. 
Lunt, D. K., G. C. Smith, F. K. McKeith, J. W. Savell, M. E. Riewe, F. P. Horn, and S. 
W. Coleman. 1985. Techniques for predicting beef carcass composition. J. Anim. 
Sci. 60:1201-1207. 
MacNeil, M. D. 1983. Choice of a prediction equation and the use of the selected 
equation in subsequent experimentation. J. Anim. Sci. 57:1328-1336. 
McKenna, D. R., D. L. Roebert, P. K. Bates, T. B. Schmidt, D. S. Hale, D. B. Griffin, J. 
W. Savell, J. C. Brooks, J. B. Morgan, T. H. Montgomery, K. E. Belk, and G. C. 
Smith. 2002. National Beef Quality Audit-2000: survey of targeted cattle and 
carcass characteristics related to quality, quantity, and value of fed steers and 
heifers. J. Anim. Sci. 80: 1212-1222.
79
Reuter, B. J., D. M. Wulf, B. C. Shanks, and R. J. Maddock. 2002. Evaluating the point 
of separation, during carcass fabrication, between the beef wholesale rib and the 
beef wholesale chuck. J. Anim. Sci. 80: 101-107.
Sainz, R.D. and R.F. Vernazza Paganini. 2004. Effects of different grazing and feeding 
periods on performance and carcass traits of beef steers. J. Anim. Sci. 82:292-
297.
Savell, J.W., R.H. Knapp, M.F. Miller, H.A. Recio, and H.R. Cross. 1989. Removing 
excess subcutaneous and internal fat from beef carcasses before chilling. J. 
Anim. Sci. 67:881-886.
Tait, R. G., D. E. Wilson, and G. H. Rouse. 2005. Prediction of retail product and 
trimmable fat yields from the four primal cuts in beef cattle using ultrasound or 
carcass data. J. Anim. Sci. 83: 1353-1360
USDA. 1989a. Official United States standards for grades of carcass beef. Agriculture 
Marketing Service, USDA, Washington, DC.
USDA. 1989b. Official United States standards for grades of slaughter cattle. 
Agriculture Marketing Service, United States Department of Agriculture, 
Washington, DC.
USDA. 2008. Weekly National Carlot Meat Report. Agricultural Marketing Service, 
Accessed at http://ams.usda.gov. Accessed July 1, 2008. 
USDA. 2007. Weekly National Carlot Meat Report. Agricultural Marketing Service, 




Table A1.  
Least squares means of fat thickness, cm stratified by weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Fat thickness, cm 
317.5-362.9 (< 21.76)     2.01 j, k 362.9-408.2 (< 20.07)    2.32 j
317.5-362.9 (> 21.76)     2.37 j, k 362.9-408.2 (> 20.07)      2.34 j, k
362.9-408.2 (< 21.76)     2.05 j, k 408.7-453.6 (< 20.07)   2.15 j
362.9-408.2 (> 21.76)   2.46 k 408.7-453.6 (> 20.07)      2.57 j, k
SEM b 0.09 0.12
P > F     0.0018     0.0018
Within a row, means lacking a common letter (j-k) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
Table A2.  
Actual fat thickness contrasts by designated populations
Contrast Fat thickness, cm
P > F
Heifers vs. Steers     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     < 0.0001
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c
c Non significant (P > 0.05)
Table A3. 
Least squares means of preliminary yield grade stratified by weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Preliminary yield grade
317.5-362.9 (< 21.76) 3.94 362.9-408.2 (< 20.07) 4.06
317.5-362.9 (> 21.76) 4.21 362.9-408.2 (> 20.07) 4.28
362.9-408.2 (< 21.76) 4.07 408.7-453.6 (< 20.07) 3.92
362.9-408.2 (> 21.76) 4.33 408.7-453.6 (> 20.07) 4.48
SEM b 0.11 0.15
P > F     0.0018     0.0018
Within a row, means lacking a common letter (j-k) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
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Table A4.
Preliminary yield grade contrasts by designated populations
Contrast Preliminary yield grade
P > F
Heifers vs. Steers     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76) < 0.05
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07) < 0.05
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c
c Non significant (P > 0.05)
Table A5. 
Least squares means of longissimus muscle area, cm2 stratified by weight (kg), and ribeye area per 100 kg ratio 
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Longissimus muscle area, cm2 
317.5-362.9 (< 21.76)   74.06 j 362.9-408.2 (< 20.07)   73.16 j
317.5-362.9 (> 21.76)     84.77 j, k 362.9-408.2 (> 20.07)         76.13 k, l, m
362.9-408.2 (< 21.76)     80.32 j, k 408.7-453.6 (< 20.07)        75.61 j, k, l
362.9-408.2 (> 21.76)     90.71 l, m 408.7-453.6 (> 20.07)    87.87 m
SEM b 1.74 2.46
P > F < 0.0001 < 0.0001
Within a row, means lacking a common letter (j-m) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
Table A6.
Longissimus muscle area, cm2 contrasts by designated populations
Contrast Longissimus muscle area, cm 2
P > F
Heifers vs. Steers < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76) < 0.01
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)  < 0.01
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     < 0.0001
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)   < 0.001
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c
c Non significant (P > 0.05)
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Table A7.
Least squares means of kidney, pelvic, and heart fat, %, stratified by weight (kg), and ribeye area per 100 kg ratio 
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Kidney, pelvic, and heart fat, %  
317.5-362.9 (< 21.76)   2.35 362.9-408.2 (< 20.07) 2.50
317.5-362.9 (> 21.76)   2.20 362.9-408.2 (> 20.07) 2.40
362.9-408.2 (< 21.76)   2.50 408.7-453.6 (< 20.07) 2.20
362.9-408.2 (> 21.76)   2.25 408.7-453.6 (> 20.07) 2.70
SEM b   0.18 0.26
P > F       0.7646     0.7646
Within a row, means lacking a common letter (j-k) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
Table A8.
Kidney, pelvic, and heart fat, %, contrasts by designated populations
Contrast Kidney, pelvic, and heart fat, %  
P > F
Heifers vs. Steers    n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c
c Non significant (P > 0.05)
Table A9. 
Least squares means of hot carcass weight, kg, stratified by weight (kg), and ribeye area per 100 kg ratio 
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Hot carcass weight, kg
317.5-362.9 (< 21.76) 389.41 j 362.9-408.2 (< 20.07) 348.04 k
317.5-362.9 (> 21.76) 390.02 j 362.9-408.2 (> 20.07) 337.61 k
362.9-408.2 (< 21.76) 428.21k 408.7-453.6 (< 20.07) 388.18 l
362.9-408.2 (> 21.76) 423.97 k 408.7-453.6 (> 20.07) 387.78 l
SEM b 4.09   5.79
P > F   < 0.0001    < 0.0001
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
84
Table A10. 
Hot carcass weight (kg) contrasts by designated populations
Contrast Hot carcass weight, kg
P > F
Heifers vs. Steers    < 0.0001
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)    < 0.0001
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    < 0.0001
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c
c Non significant (P > 0.05)
Table A11.
Least squares means of USDA yield grade, stratified by weight (kg), and ribeye area per 100 kg ratio 
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
USDA yield grade 
317.5-362.9 (< 21.76) 4.54 362.9-408.2 (< 20.07) 4.57
317.5-362.9 (> 21.76) 4.33 362.9-408.2 (> 20.07) 4.33
362.9-408.2 (< 21.76) 4.62 408.7-453.6 (< 20.07) 4.56
362.9-408.2 (> 21.76) 4.42 408.7-453.6 (> 20.07) 4.46
SEM b 0.06 0.09
P > F     0.0329     0.0329
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
Table A12.
USDA yield grade, contrasts by designated populations
Contrast USDA yield grade
P > F
Heifers vs. Steers     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07) < 0.05
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c
c Non significant (P > 0.05)
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Table A13. 
Least squares means of marbling score d, stratified by weight (kg), and ribeye area per 100 kg ratio 
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Marbling score d
317.5-362.9 (< 21.76) 435.00 362.9-408.2 (< 20.07) 434.00
317.5-362.9 (> 21.76) 449.00 362.9-408.2 (> 20.07) 478.00
362.9-408.2 (< 21.76) 448.00 408.7-453.6 (< 20.07) 470.00
362.9-408.2 (> 21.76) 439.00 408.7-453.6 (> 20.07) 444.00
SEM b   16.02   22.66
P > F         0.7672         0.7672
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
d Marbling score:  300 to 399 = Slight;  400 to 499 = small;  500 to 599 = Modest
Table A14. 
Marbling score d contrasts by designated populations
Contrast Marbling score d
P > F
Heifers vs. Steers    n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c
c Non significant (P > 0.05)
d Marbling score:  300 to 399 = Slight;  400 to 499 = small;  500 to 599 = Modest
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Table A15. 
Least squares means of hump height c stratified by weight (kg), and ribeye area per 100 kg ratio 
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Hump height c
317.5-362.9 (< 21.76) 1.85 362.9-408.2 (< 20.07) 0.86
317.5-362.9 (> 21.76) 3.00 362.9-408.2 (> 20.07) 1.17
362.9-408.2 (< 21.76) 2.56 408.7-453.6 (< 20.07) 1.42
362.9-408.2 (> 21.76) 2.59 408.7-453.6 (> 20.07) 1.57
SEM b 0.39 0.56
P > F     0.0209     0.0209
Within a row, means lacking a common letter (j-k) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
c Distance from the line to the top of the lean muscle (excluding the external layer of fat),measured perpendicular to   
  the extension of the top-line at the peak of the hump laid at the top of the shoulders.
Table A16 
Hump height c contrasts by designated populations
Contrast Hump height
P > F
Heifers vs. Steers     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)  < 0.05
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c
c Non significant (P > 0.05)
b Marbling score:  300 to 399 = Slight;  400 to 499 = small;  500 to 599 = Modest
c Distance from the line to the top of the lean muscle (excluding the external layer of fat),measured perpendicular to 
  the extension of the top-line at the peak of the hump laid at the top of the shoulders.
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Table A17 
Least squares means of bodywall thickness, cm e, stratified by weight (kg), and ribeye area per 100 kg ratio 
Heifers Steers
Hot carcass REA:HCW Hot carcass REA:HCW
Variable weights, kg ratio a Means weights, kg ratio a Means
Bodywall thickness, cm e
317.5-362.9 (< 21.76) 5.08 362.9-408.2 (< 20.07) 5.31
317.5-362.9 (> 21.76) 5.31 362.9-408.2 (> 20.07) 5.99
362.9-408.2 (< 21.76) 5.82 408.7-453.6 (< 20.07) 5.90
362.9-408.2 (> 21.76) 6.91 408.7-453.6 (> 20.07) 6.26
SEM b 0.54 0.38
P > F     0.3112     0.3112
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Ribeye area (cm2) and warm carcass weight kg ratio
b Standard error of the least squares mean
e Bodywall thickness measured 12.7 cm from the vertebra at the 12th rib
Table A18 
Bodywall thickness, cm e contrasts by designated populations
Contrast Bodywall thickness, cm e
P > F
Heifers vs. Steers     n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)      n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)   < 0.05
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)     n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)     n.s. c
c Non significant (P > 0.05)
e Bodywall thickness measured 12.7 cm from the vertebra at the 12th rib
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Table A19. 
Least squares means of beef rib and plate subprimal components (kg) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef rib
Blade meat 
109B 1.36 1.33 1.59 1.87 0.19 1.71 1.88 1.90 1.83 0.13 0.1049
Ribeye roll
112A 4.89 j    5.20 j, k    5.89 k, l      5.85 j, k, l 0.24       5.60 j, k, l 6.17 l   6.40 l 6.46 l 0.17 <.0001
Back ribs
124    1.46 j, k 1.40 j    1.61 j, k    1.53 j, k 0.11     1.63 j, k    1.56 j, k     1.83 j, k 1.86 k 0.08 0.0076
Beef plate 
Inside skirt (IM)
121C 1.08 0.93 1.11 0.96 0.11 0.99 0.94 1.08 1.12 0.08 0.6747
Outside skirt (IM)
121D 0.50 0.60 0.75 0.73 0.07 0.62 0.66 0.73 0.76 0.05 0.0427
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
Table A20.
Beef rib and plate subprimal components (kg) contrasts by designated populations
Contrast Blade meat Ribeye roll Back ribs Inside skirt Outside skirt
IMPS # a 109b 112A 124 121C 121D
P > F P > F P > F P > F P > F
Heifers vs. Steers < 0.01 < 0.0001 < 0.01    n.s. c    n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)  < 0.05 < 0.001    n.s. c    n.s. c < 0.01
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c < 0.01 < 0.01    n.s. c < 0.05
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
89
Table A21. 
Least squares means of beef chuck and brisket subprimal components (kg) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef chuck
Shoulder, top blade
114D 1.80 j    2.12 j, k    2.10 j, k    2.17 j, k 0.16    2.20 j, k    2.31 j, k   2.66 k   2.43 k 0.12 0.0041
Shoulder, arm roast
114E    3.15 j, k   2.79 j    3.27 j, k    3.53 j, k 0.32    4.01 j, k    3.58 j, k   4.02 k   4.12 k 0.22 0.0098
Shoulder tender (IM)
114F    0.61 j, k   0.39 j    0.54 j, k    0.58 j, k 0.10    0.66 j, k    0.65 j, k   0.89 k     0.62 j, k 0.07 0.018
Square cut, pectoral meat
115D 0.77 0.69 0.59 0.74 0.12 0.82 0.62 0.92 0.73 0.08 0.2344
Chuck roll
116A    6.74 j, k   6.55 k       7.81 j, k, l    6.87 j, k 0.51       8.23 j, k, l      8.48 j, k, l    8.58 k, l 9.40 l 0.36 0.0001
Chuck tender
116B 1.20 j   1.20 j    1.39 j, k    1.33 j, k 0.07   1.51 k    1.47 j, k    1.56 k   1.55 k 0.05 0.0001
Short ribs
130 1.72 1.59 1.61 1.59 0.15 1.83 1.61 1.97 1.88 0.10 0.1472
Beef brisket, deckle off, bnls
120 5.86 j   5.40 j    7.01 j, k    6.29 j, k 0.45     6.40 j, k    6.85 j, k    6.84 j, k 7.69 k 0.32 0.0052
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table A22. 
Beef rib and plate subprimal components (kg) contrasts by designated populations
Contrast Shoulder, Shoulder, Shoulder Square cut, Chuck Chuck Short Beef brisket,
top blade arm roast tender pectoral meat roll tender ribs deckle off, bnls
IMPS # a 114D 114E 114E 115D 116A 116B 130 120
P > F P > F P > F P > F P > F P > F P > F P > F
Heifers vs. Steers < 0.001 < 0.001 < 0.01    n.s. c < 0.0001 < 0.0001 < 0.05 < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c     n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c    n.s. c    n.s. c    n.s. c    n.s. c < 0.05    n.s. c < 0.05
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c < 0.05    n.s. c    n.s. c    n.s. c     n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg) < 0.01    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c < 0.05 < 0.05
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c < 0.05 < 0.05    n.s. c    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
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Table A23.
Least squares means of beef loin subprimal components (kg) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef loin 
Strip loin, bnls (0 x 1)
180A    4.76 j, k 4.42 j        4.99 j, k, l    5.67 k, l 0.25    5.11 k, l    5.56 k, l    5.42 k, l 5.78 l 0.18 0.0005
Top sirloin butt, bnls
184    4.76 j 4.95 j     5.19 j, k 6.04 k 0.27    5.64 j, k    5.40 j, k 6.13 k    5.80 j, k 0.19 0.001
Bottom sirloin butt, flap, bnls
185A    1.57 j, k 1.48 j       1.65 j, k, l      1.74 j, k, l 0.10      1.69 j, k, l    1.55 j, k 2.04 l    1.92 k, l 0.07 0.0053
Bottom sirloin butt, ball tip, bnls
185B 1.36 1.48 1.68 1.72 0.30 1.54 1.68 1.56 1.90 0.21 0.8943
Bottom sirloin butt, tri-tip, bnls, defatted
185D 1.12 j 1.06 j 1.10 j    1.31 j, k 0.07    1.22 j, k    1.29 j, k    1.33 j, k 1.42 k 0.05 0.0014
Tenderloin, full
189A    2.71 j, k 2.49 j 2.44 j    2.72 j, k 0.11    2.80 j, k    2.84 j, k 2.98 k 3.10 k 0.08 0.0001
Beef flank, flank steak (IM)
193 0.78 j 0.80 j    0.89 j, k    0.88 j, k 0.06    0.85 j, k    0.81 j, k 1.05 k 1.05 k 0.04 0.0003
Within a row, means lacking a common letter (j-k) differ (P < 0.05)
a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
92
Table A24. 
Beef loin subprimal components (kg) contrasts by designated populations
Contrast Bottom Bottom Bottom sirloin
Strip loin, Top sirloin sirloin butt, sirloin butt, butt, tri-tip, Tenderloin, Beef flank,
bnls (0 x 1) butt, bnls flap, bnls ball tip, bnls bnls, defatted full flank steak
IMPS # a 180A 184 185A 185B 185D 189A 193
P > F P > F P > F P > F P > F P > F P > F
Heifers vs. Steers < 0.001 < 0.01 < 0.01    n.s. c < 0.001 < 0.0001 < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)  < 0.01 < 0.01    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07) < 0.05    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c < 0.05 < 0.0001    n.s. c < 0.05 < 0.01 < 0.0001
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c    n.s. c < 0.05    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
Table A25. 
Least squares means of round subprimal components (kg) stratified by sex class. weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
IMPS#a
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEMb P > FSubprimal (< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Beef round 
Knuckle (tip), peeled
167A 3.58 3.44 3.74 3.74 0.29 4.14 3.75     4.20    3.79 0.20 0.3150
Top (inside)
168 8.23 j    8.51 j, k      9.24 j, k, l    9.77 k, l 0.38      9.49 j, k, l    9.76 k, l    10.27 l   10.38 l 0.27 0.0001
Outside round (flat)
171B    6.37 j, k 6.24 j      6.43 j, k, l      7.18 j, k, l 0.28      6.86 j, k, l      7.21 j, k, l     7.49 l      7.44 k, l 0.20 0.0009
Eye of round (IM)
171C    2.43 j, k 2.31 j    2.42 j, k      2.65 j, k, l 0.12      2.70 j, k, l      2.67 j, k, l       2.82 k, l    2.92 l 0.08 0.0014
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
.a Institutional Meat Purchase Specifications
b Standard error of the least squares mean
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Table A26. 
Beef round subprimal components (kg) contrasts by designated populations
Contrast Knuckle Top Outside Eye
(tip), peeled (inside) round (flat) of round
IMPS # a 167A 168 171B 171C
P > F P > F P > F P > F
Heifers vs. Steers < 0.05 < 0.0001 < 0.001 < 0.0001
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c < 0.01    n.s. c    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07) < 0.05    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c < 0.01 < 0.05 < 0.05
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c
a Institutional Meat Purchase Specifications
c Non significant (P > 0.05)
Table A27. 




317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Lean trim 
Special   0.57   0.72 0.59 0.73 0.09 0.70   0.69 0.70    0.82 0.07 0.465
Lean trim 
(90%)      5.51 j, k   5.04 j     5.96 j, k    5.91 j, k 0.29    6.00 j, k      5.83 j, k   6.51 k     6.54 k 0.20 0.0013
Lean trim 
(80%) 19.04 j 20.04 j     22.91 j, k, l    21.43 j, k 1.17     22.87 j, k, l    22.29 j, k   25.48 k, l 26.95 l 0.82 <.0001
Lean trim 
(50%) 15.06 j, k 12.70 j 17.56 k   16.46 j, k 1.04   15.95 j, k 16.75 k 18.11 k 17.41 k 0.74 0.0055
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
94
Table A28. 
Beef round subprimal components (kg) contrasts by designated populations
Contrast Lean trim Lean trim Lean trim Lean trim
Percent Lean Special trim (90%) (80%) (50%)
P > F P > F P > F P > F
Heifers vs. Steers    n.s. c < 0.001 < 0.0001 < 0.01
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)     n.s. c < 0.05 < 0.05 < 0.01
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg)    n.s. c < 0.01 < 0.0001    n.s. c
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c    n.s. c    n.s. c    n.s. c
c Non significant (P > 0.05)
Table A29.
Least squares means of bone and waste trim from subprimal components (kg) stratified by sex class, weight (kg), and ribeye area per 100 kg ratio
Heifers Steers
317.5-362.9 317.5-362.9 362.9-408.2 362.9-408.2
SEMb
362.9-408.2 362.9-408.2 408.2-453.6 408.2-453.6
SEM b P > F(< 21.76) (> 21.76) (< 21.76) (> 21.76) (< 20.07) (> 20.07) (< 20.07) (> 20.07)
Bone      24.15 j      23.34 j        27.74 k, l       25.40 j, k 0.89        28.31 k, l        27.76 k, l      30.21 l      30.54 l 0.63 <.0001
Fat     36.48     36.46    39.95   39.49 1.86     34.95     38.08     40.89     39.32 1.32 0.0708
Within a row, means lacking a common letter (j-l) differ (P < 0.05)
b Standard error of the least squares mean
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Table A30.
Bone and waste trim (kg) contrasts by designated populations
Contrast Bone Fat
P > F P > F
Heifers vs. Steers < 0.0001    n.s. c
Heifers (REA:HCW < 21.76) vs. heifers (REA:HCW > 21.76)    n.s. c    n.s. c
Heifers (317.5–362.9, kg) vs. heifer (317.5–362.10, kg)  < 0.01    n.s. c
Steers (REA:HCW < 20.07) vs. steers (REA:HCW > 20.07)    n.s. c    n.s. c
Steers (362.9–408.2, kg) vs. steers (408.2–453.6, kg) < 0.001 < 0.01
Heifers (362.9–408.2, kg) vs. steers (362.9 – 408.2, kg)    n.s. c < 0.05
c Non significant (P > 0.05)
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